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Synthetic studies on N-type calcium channel
blockers for the treatment of neuropathic pain
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Ala
AM
AMMC
APCI

Asp
ATP
Bn
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CGRP
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atmospheric pressure chemical ionization
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tert-butoxycarbonyl

butyl

chronic constriction injury
3-cyano-7-ethoxycoumarin

complete Freud’s adjuvant
calcitonin gene-related protein
Chinese hamster ovary

chemical ionization
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day(s)
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dihydropyridine
diisobutylalminumhydride
Dulbecco's modified Eagle’s medium
N, N-dimethylformamide
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DRG
ECso
EDso
EDTA
EGTA
EI
ESI
Et
FAB
FBS
FLIPR
Glu

HEPES
hERG
HIV
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HOBt
HPLC
HTS
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LC-MS/MS

Leu
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half maximal effective concentration

median effective dose
ethylenediaminetetraacetic acid

ethylene glycol tetraacetic acid

electron ionization

electrospray ionization

ethyl

fast atom bombardment

fetal bovine serum

fluorescence imaging plate reader

glutamic acid

hour(s)
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
human ether-a-go-go related gene

human immunodeficiency virus

human liver microsomes
1-hydroxybenzotriazole

high performance liquid chromatography
high-throughput screening

high-voltage activated

is0

international association for the study of pain
half maximal inhibitory concentration
inositol trisphosphate
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Japanese pharmacopoeia

knock-out

liquid chromatography-tandem mass spectrometry
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LVA

Me
MFC
MIA
MMFF94x
MOE
MOPAC
MS

MW
mlz
NADPH
NMR
NSAID
N. T
OA

PCT Int. Appl.

PDB
Ph
Phe
PK
PM
PM6
po

Pr

PS
QOL
QSAR
quant.

RCSB

low-voltage activated

methyl
7-methoxy-4-trifluoromethylcoumarin
mono-iodoacetate

Merck molecular force field 94x

moleculer operating environment
molecular orbital package

mass

molecular weight

mass to charge ratio

nicotinamide adenine dinucleotide phosphate
nuclear magnetic resonance

non-steroidal anti-inflammatory drugs

not tested.

osteoarthritis

patent cooperation treaty international application
protein data bank

phenyl

phenylalanine

pharmacokinetics

post meridiem

parameterized model number 6

per os

propyl

penicillin-streptomycin solution

quality of life

quantitative structure—activity relationship
quantative

research collaboratory for structural bioinformatics

RTZ 10-{2-[(2R)-1-methylpiperidin-2-yllethyl}-2-(methylsulfanyl)- 10 H-phenothiazine



rt room temperature

sat. saturated

SEM standard error of the mean

Ser serine

SNL spinal nerve ligation

SNRI serotonin norepinephrine reuptake inhibitor
SSRI selective serotonin reuptake inhibitor

t tertiary

TCA tricyclic antidepressant

TFA trifluoroacetic acid

THF tetrahydrofuran

TMEDA N,N,N, N-tetramethylethylenediamine
Tris-base 2-amino-2-hydroxymethyl-1,3-propanediol
TRP transient receptor potential

Tyr tyrosine

uv ultraviolet

VCD vibrational circular dichroism

VDCC voltage dependent calcium channel

WSCD 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide



BR

B—F MR
B HREEFMHERBOER. FEFE - - - oo e 1
EoH NEALSIOLFYRIVERBAMBE - = = - = = rm e e e e 2
E=H ESFNEALSOVLFYRIEEFRRORYBAH « - - - - - 7
FEUOE ARFZOBEE « + v v v s s s s e e a a e e e e 192

¥£_-Z hERG EE#EREL-V—KEEWA9-(1->oO~NTI)L-3, 4-
SeRAqYEX/Y)O20H-14IL)-2-{[(-E FOFxLoHsanEI)L) 4
FIIT/ITR/ DRIE

’;ﬁ_’ﬁ’ﬁ (j: L&)[: .......................... 14
S8 hERGHEEEBOERAE - - - =« = = v v o 00 e e 15
FEH 1-27B8AXUINB34-TRSEROAYF Y UFEBEADERK - - 16
HEUUET BRI EER - o s v s oh s w e a e e e e e 17
ERE EIEFLD - v s v e s e e e e e e 29

FZE 2-{[0-EFOFXL9OAXTVI)AFIIITE/)-0R-(1-4 Y
JOEIL-6-A X3, 4-CErROA4YX/)20H-4MIL)TH /) D
Bla

O T = O D | el T R S U 23
EZE CYP2D6 B&U 3A4 [HERBOEGRHAE + « = =+ 0 v 0 o 23
F=H 1ERTAFSEROSAVX/ ) UFEEROERK - - - - - - - - 25
HEPOE EIEIIMLEE -« - v v s e e e e e e e e e 29
FRE ESEEED s r v oo v e e e e e e e e e e s 37



FTHE 2-{[2R-2-EFOXL7OENL]IT7I/}-1-[019-8-4 FF-1-
73, 4-erOqA4Yx/)20H-141L] )TH /7 VOER

’;ﬁ_’éﬁ [ZUCEIZ = = = = = = s s s s s s e w s e a e x e x e 38
FEH CYP2D6 H&U 3A4HEEMBOERAE + =+ =+ = v = 0 0 - - 38
B=HE TRSERRAVF/UUEBEDOER e 38
FEOET FEEEFFHEEE - - - - ¢ s s s s s e e e e e e e e e e e s 41
EX R L - A R R L R R R T R R 54
2 i % - - T 55
SEERDER - « ¢+ - v s e e e e e e e e e e e e e e e e e e e e e e 57
SEVNBEBEVRIEE - -« « + = v v o o s e e e e e e e 118



5% #H

E—H MEREEMHEROEE. BF
WREEMERL 2011 £(2 IASP (ERERFR) &Y. TPain caused by a lesion or
disease of the somatosensory nervous system /A BEEMBRR DB EOKRREIZL ST
BIZRISNDIEH] L LEEENEINTUNEN, AEREORE LN -VLFHBE S (TKE
DRECERLE L DEBENERN OEHRTHDILELCRLTWNDS, MEEEHER
(&, KRB ERRGE) . SMEHE. B HIV ONILRRGE), EIMERE (KE
hi L), RENE (ZREBEILELGE) HEDKRALGERBICERL., #HRELTELSE
BTHY . RBEKFELGVERE RIBOLGVMKRTTRITSE 5, 5L 54,
BIZRMABESILBRELRBFEINDEH) LR L - TERSNDIBRE B (EWMA
BAHRKICH L TRELDZHMLWNVER OT7OT 4 =27 (BEELEAHERLCAVTKICK
S2TRERLAREA) VS HEBREREHEBEL-FHET S, T o DERBERKLSN
23, SERTFIOT7 (PRSI EHSIEERE) ©RALATO7 (FRTREVEERE)
EVSTHMBREEMET 5L MBEEEERBICEBE L-RRMNE-THS 2,
HREEEEBIERODRNBRENL S X2, RRELGSHERENEEL TLER
FERAVHER LGV -ORBRBEHRMNEBREL LOT WVEETH S, -, BEIELZTABHEN
FER. F&, W15 2FDREABHMICELZEZRIFITERZFS T 5012, BREEMNE
BENSOHIERRENELEL-LT, COLSICETOMREEHEREENS
K, BORNAFINITELATEY., V97V T14—7FT547(QOL) FKRELELD
NEKRRTIZH D 03 AEOREBICINIE HEEFHEBEEIAOD 6.9%H 5 10%
[CEBEHEFSN, ARMTELLECLEL 500 BADEEN NS ESN TS, Fi-k#
EIZHEWNTIE, B ECEFTEEROEEIZFE > T, WKED. HRRE. REdih Lz
BERETHLMBBEHEBEEESESISITEML T EFEIATIS 4
HEEEHEREIIREZAMEBICAMNL NSAIDs LT RECENRERLG EHRAGE
RBICHLTRHVLDLONTWASFEA A FAMZFICKNVERETHD,. BHE. BERREESR.
ABARRA D) Z Y IZRGENLERDAA FSAUNERINTLEA, LWIht
E—. EEREL LT, HEOHEE (SNRI LU TCAs) LR TANAE (020
EHD) NHERIATWLS (Figure.l) 56, L LEA D, MRESHERIE. B0 &



JICHEBORANELGYESTRIELTLA I ENZL. ThoDEFDHRILRER
BIDEGLH>TWAHI EITMA, BEFDEMERICEAIBBMDESLRELGHBE LG
2TWVD, EDT=H. 40%M 5 60%DEFFRITEMARICE > THRLARRUIREZR
BNTVENEINTING S, DFY, MRESTHEEBABRDI-OALEDREH & (LER A
HZXLDERGIHBAEBREOH - ERREDRAENEFTFN TS,

S
& ¥ &

QT N 2 NH,
nortriptyline (1) duloxetine (2) gabapentin (3) pregabalin (4)
(TCA) (SNRI) a 28 E o 28fEE

Figure 1. #EEZFHEBAGRICAVL LN TV SRRMGES

FEIE NEALIILFYRILERARE

AT LAF D (Caz) (F, HBERNO—@HNTRELEZEL T, INE. 2B, @
BimZE. M. EGTFREALGCEORALGEEKEDORTTORREZT>EELEAVF
AtV —THAHAMBANILY I LARER. EEREICE VO THBSNRE (1-2 pM)
D 1AZFD 1T (# 100 nM) IZREICRF-N TV SH, BRLLGRBZGEL T—BH
[CHEMBEICERT S, CO—BMGHRERAAILODLARELERE. HEELIZEF
BT DBMUEREFEEAL S TLF v RIL, SBEREBEAILSDLF YRV (JILEZY
BMIRRGE). BERFEEAILDILF Y RIL (TRP Fv RILGEE) DOHEEAA/NE
LEIZTHEET DAL LBMEF v RIL (IP3 ZEEL) T/ DURER) LvofHkka
BALYHLFrRILICE>THIEEh TS 7,

BAKFHEDIL D LF v 2ILIE, #iEHia. 7Y 7HiE, HRMERLELE, FT0
FBEMHMROMBREICHEEL, FrRULPBEOTIENILY I LAF VREKREFNIC
HERANALSDLAFT VDRAZRY . BEKFEDILODLF v RILIE, FrrL
AAEBETIEES T2y b THD a1 H T2y FERBELANILOF v RILIEEE
FRETHMBY ITI=y FTHBH028.PE I Wy T1=y ML > TEITHB I D,
alH¥Tazy kI, 4 DOEWMERMEERET A FACY I-IV) oY, FFRASY
21X 6 DDEEBET A2k (S1-S6) A HBH.S4 T A2 FFIEBRICHELTE Y.



BRIt Y —& L THODMEEREIZHE-> TS, £S5, S6 25 AV ME, FrRIL
R7EEBR LAV BEBBREERT 5, D S5 & S6E5 42 FOMIZIE, Ploop &IF
ENBAINSILAA VERBIRMICERESE ST UEIRMET A ILE—E LTHEET S
BLSInEFET % (Figure.2) 8,

N~

Extracelluar

oo.uoood\' "'/ 9999
g o,

St ghiies

Figure 2. BHI&KEFEFMENE ALY D LF v RILOEEERK 120

BRUREEAIL I LF ¥ )L (VDCCs) [, —fRICEREEY - FEPMMEE ZRE
THa19 Ty FORBBEERLEMMEICL >THESATEY . BRER (HVA:
high-voltage activated type) AL I LF v RILTHD LB (45). PIQE, N& R
B L ERMEER! (LVA: low-voltage activated type) BILS D LF ¥ RILTHSD T & (3 7&)
D 10 BEIHISNTLVS (Table 1), ESICENENDOY T LA TOBRIKGFEAILS
D LF v LA Table 1 [SRENDEEICK L CAEREEREET 5 ENHALMNICH
S2TWS 8, HIZ, LEALYYLF v/ (Cav1.2) BEEHIE. OEMEEOHTRE
REL LTACERIGASATLAD, ChoDERITOHFCLETBHICHKETS L
BALSOLFYRIVERET S5 ETREEROCRTEIRMEAZRT (Figure. 3),



Table 1. BRIKFHADIL S VLF ¥ RILODFE. TEHRBFILS & CAERRBERE sa14
BREEZR - ZEFH | ol A - 0F | FEEIM BEBERE
o subunit | £¥FHIS R
HVA L2 alS Cav 1.1 R

alC Cav 1.2 [RY:7 BIRBRIESE
B
alD Cav 1.3 fx. BER#ARE. | Parkinson J&.
LGRS AR
alF Cav 1.4 s
P/IQE | alA Cav 2.1 i TADA. FEER
N # alB Cav 2.2 i EXE
RE alE Cav 2.3 fixd ¥ER 7=
LVA T & alG Cav 3.1 i, 1OV TEMR, TADA.
B amE. ERES
alH Cav 3.2 D, i, B, | R, TADA
¥
all Cav 3.3 i HERR[EE. TANA

MeO
o] CN
MeO,C CO,Et MeO T "ll
||

o
N ~"NH,

W

Figure 3. RERMZ LEAL I LF v IILEETE

FHREAERICBEVNTIE, #MESF TRAHERICP/Q B, NE, REFvyRILHNEEL.
AREEYEREICES LTV S, HICTNEAHILDDLF v RILITHNERZEOHBRAED
KFYTHLHZRIBHIEE (DRG) HECZTOIFT TABFHETHLIBEREAICE ER
LT3, BREERICEVWTREZIBZH TRZSINE-REL L OERFRHE. ERIE



BcE#Hah DRG IFET 2HAZEA L TERERABICINRT 5, EREAICEE
SNFERIEZ.ILE S VB Y TRE VAP ALY F=UBEEFEERTF K (CGRP)
BENREREICEHET 2MBEEVEEN LT TRBO LT FIVEEICE>TZ
RANFERERHL CLEPBEANLEESNDID, FHRHEAICKRITLINEALIDYL
FrrLFCOHBEENEOREHBICEEZELRENEZR-I L THEEGECESY
% 9%

BIZCNEALIDLFYRILOETEY Ty bTHDal HYJT1=v FrDEEFE
RESE- KO IVRO|BEN, HEHOVIIL—ThoHEINTLS 10, KO ¥ XDfE
WIZENE, al REYIVRFEECEBLENTLOEREEIROSALVLOD, ERE
RZMECOVWTOERELNRBOONT=, THHE KO YTVAARILIYYY VIEEZEITS &,
RV UEEIZEYERESND 2 HEOERETH (FIMHRVEIN R O55F 11
HELENDHRILT) VESRI09NLELDESNDTHDRIFED TH S E [1atd
MNEEICIHEI Eh TULV = (Figure. 4),

Formalin fast

Licking time (sec)

0 | — T 1
0 5 10 15 20 25 3b 35 4b 45 80
Time
(min)
Figure 4. YRR VEHRIZE T H5EEMHLFEREKIZX T HEE R 102
The licking and/or biting time is plotted against the time after formalin injection. Circles, wild type; squares,
heterozygote; triangles, homozygous mutant. Response in the early half of phase 2 (Phase 2A, 10-27 min after
injection) were almost completely suppressed in the homozygous mutant. ** represents a significant difference

at P <0.01 between +/+ and -/-, and # represents a significant difference at P <0.05 between +/- and -/- at each

time point.



Ffz. KO YORICHHHRERLBEE L TER L -RRN L HBREEHERBETIL
THAHSNLETILEHERLYERLIZSNLETILEZEELIZEZA, KOYIRT
FHEWET AT « Z 7 ORMEREABOEENFERICHNREITHF S TULV .,
EHITNBALSILFYRIVERBREEDEEICONTIE, BEREONEHILID L
F ¥ FIILAEHFITH S ziconotide (8)IZ& > THBAREIZRES N TLVS 11, ziconotide (8)
. €1 €A A Conus magnus DEBLVEBEINI-25DT7 I/ BHOHLIEHER YR
TFETHY . 2005 FITKEIZT, 2006 FITFMICTHEBES LTETEIATLS

(Figure.5), ERRREERICHE T, BEES LU HIV EFDZTN TN 53.1%. 30.7%IZ
BENRVPERSIATNS 1, TSHICZ0EBEDHRIE. BIMETLICEVTHLCER
SNTHEY.SNLETIL, CCILETILEV D REBMGHBEETHERBETILEZIILD
ETHEEERBEEETIVICEVTHRZTT CEABRICHRESATINS 12,

LMLAEA S, ziconotide (B)I&. W DDA LER AN oNTINS 1, £T AT

BDESIZ25DTI/BNSHREIRTFRTHSz0. BOFELEL, TDT=HIZEM
HBTHLIERADEED-HICHIEARY T2 ERNICEOATBLELNH LI, 60 BH
EORY TORMBICIEBEMBERD) RV ZH£ S5, S5, ziconotide (8)1F. M5,
BEX. #8El. BEBRA L Vo BE L OFREDEMERANMONTE Y. BHERADORR
DRAVEBDO=HIZIEARE (1 H24pg) o 48HEULDOMRZSLTHE (FX1
H21.6pug) THLSAVDHIAEEEINTNS, CAODBEDN-O. TOHEELER
MRIZEMDDOLTHELITEEEBEERRBOAICBREIATNS 11, EMEZNIL, NE
AN LF v RIIBFICEDCEREIBEDNHOHE AN SEEICHEAMNTHY.
ziconotide () DA T HFMEMARTENIL, FEICHALFTRARBEHEBAEREL
TYSBHTENHFEIND,

NH N~
H Asp
Lys o O NH 2'I'yr
S-S
Gly Gly/Thr /\gﬁo Met
Ser |
| S Lys Leu

er
Arg \ Ala\G| é| /
\N H NH |_y‘ XLy'S y/Arg

»—R HN Ser
© DY
S~ o)

Figure 5. ziconotide (8) D#&i&



F=8 BEXFNEALIVLFYRIILAFHEIROERY HA

BTk ziconotide (Q)DEWMRZEIBL TINETIZ. HELDESFNEALYY
LF v RILAEFIOHBMENGLINA TSN, CTTREXHE LTAREINZHDIZDL
THHRT 5. B, SERY LT %E LB 2 BOHHFERNEET HH%. 2009 5 LIAT
DEDIZDOVNTIESEXR 13 OfRERE. 2009 FLURICOWTIESEXM 14 DRHE
FhENBBIZShizl,

MEBDESFREFREARE LT, LE NEALDDLF Y RIL_EREHFIE
FEIRM VDCC [HEHIN 5 N BB RMLZ AL DD LF v RIILVEERZRET SERAHE
Fohd, KOROHRESIF. BMEEREEE LTHRRKIGASN, LESKIUNESD
LoD LFYRIIL_ERETRIELTHONSDE FREY P2 (DHPs)FEERK
cilnidipine (9) DB ERBEILEIT > T D EITLEAIL S I LF v RIILBEERAZ R
SEDHZEICKY . LEALYDLFyRIILVBAEERICHLT 6L EORREZEIT SN
BBIRBHILY I LF v RIILEEF(H-11 DRIHIZE > TL 5 (Table. 2) 15,

cilnidipine (9)

Compound cilnidipine (9) 10 (+)-11
N-type ICs0 (UM) 1.6 1.7 0.72
L-type ICs0 (UM) 0.0011 1.8 44
ratio (L/N) 0.00068 1.1 61

Table 2. cilnidipine (9) & ZDFEXRD N EE LUV LE AL LI LF ¥ RILEEEA

Zalicus O#EFE (L. flunarizine (12), lomerizine (18)& W\ 272D T T =LA FILER
O UBREREET IERRMAL YD LF v RILEEFZ ) — NMEAE L-iEE
EHAEBARREICEY. LEALDILF v RILEEERAICKH LT 100 FLULEOEREE
F9 % NP118809 (14) #RH L TL 5 (Table. 3) 16a, T NP118809 (14)1&. BEIZR
ENPLEEINTUVED, HATHOHTE FEREBANEEAENEAILODLF v RIL
FEXITHD. RFOFETRESINI-DA NP078585 (15)TH Y. IEFRMAIL T

7



LF v RBEERERT SO I ZINTFILENRY D UFEBIK fluspirilene 1) — F
EEMELTHBERBLLIEZLOEHRESIND U, ChOoDW|EICEY N EZERMAGH
WO LF Y RVEEREZRGTEDRREENRENIZZEND. ThODMEMLIE
DRRIZEZ-FEFKRELN 16,

:

F  flunaridine (12)
F OMe
Ve F
N\) /\©:0Me
OMe O OoM
® 9 e
o N\) OMe
F  lomeridine (13) OMe
F

NP078585 (15)

NP118809 (14)

Compound flunaridine lomeridine NP118809 NP078585
(12) (13) (14) (15)
N-type ICs0 (UM) 0.08 0.09 0.11 0.11
L-type ICs0 (uM) 0.31 0.15 12.2 2.8
ratio (L/N) 3.9 1.7 111 12

Table 3. flunarizine (12), lomerizine(13)iFEAND N S LUV LEHIL I LF ¥ /LA
=1EH

& 51T Zalicus BT E L. NP118809(14) & & U NP078585(15)#FHLNT T v k7kIL
T UHBRZEZRAVEREZT TS, BIBDESITHRILTY DTy bADEREIFZ
HEDERBRITHEERTDHIIENMOoNTLSN, FUEDEYDLIFTHIFEHAPTHIE
Ma MBIZX L THRLBAGREZTZBEAZ T L= (Figure 6) 164,



800
- - PG
2 700+ * —— NP118809
2 600
‘o 500
-— 400_ N.S.
3 3004 [——[N'S'
E
3 200

100 4

U_

Phase | Phase IlA  Phase IIB

Figure 6. 5 kL=< 1) VERERIZH T3 NP118809 (14) DA ZhE 162

NP118809 (14) was administrated at a dose of 25 mg/kg ip n = 24 animals. Statistical significance *p <0.01; **p
<0.001

COHFRENBALSDLFYRILDAIBY Ty FRIETIVRZEZRW=RILTY Y
HBROBRE—BTIELEDTHo=10, alBH Ty FRIEIYVANENTLEDEE
A, PREUBMERZELCLGWVWI EZEDLETEZ D L. ziconotide(®) DR = % AR
LENEALSILF v RIVEZHIORIENTETHI I LEHFIEIBEND—DOL
WA HME Ly,

NoDIEEMEIFELY ., HTS hit kEMZEHREELENEALODLF v RILHE
EHIBIEIZDULVT Merck. AbbVie i EDMREICZL Y ENH S, Merck DHAFEE L
42 F—LEFEERKRAE) 1T DPF7T I/ ERYDURVEURILERVT I FFEEFAD 1™ &
FUZDERILEHMA) 1712 DN THE L TL 5 ([Figure 7). ChoDFERXRZRAL:
BREHCE ST NBEALSDLF v RILBERNMEEEMEERE (SNL) ETILOHKE
ST OAERBETIDO—DOTHASCFAETILIZBEVWTEMRETRT ZEATRINTEY.
BRAEL LTOEVEALERET 2ERERTHILER D,

16 17 18

Figure 7. 1t &% 16, 17, £ & U 18 DiEE
T (2. TROX-1 19 &&fFHonfAF 1Y F—ILFERERE S EEOH
DEEFHEREOEREMENLZVEDD, Merck DREAEWREEESES L UEH
FT—AEWELTHY HELBELLEMTH S Z L LBt H(Table. 4) 18, #FIZ (R



SEMAL) REEIRMEIOE T 2R IFEICES 5, BUKFENEALIILF
v JLIZ. closed, open, inactivated D7 < &3 3 DDILKEENH Y BERERFIZIE
FHERMAITH VT inactivated DFELHIER 5L SN TS, O inactivated 7K EE
[CHBDNBALIILF Yy RILEREL. BIEEIKREIZH SHEDHERKICEEEH
MMERT HETHRMEMERZREEMTEARREMUALUAIK VIRIBEA TS 19, CO
EZIF. 1,4 FOEY DU AA4TO LEALSDLF v RIILVEBTREICE T SEIEA
EREBIREDBERZRICEAT 2MENSDEREERELTLDA, ER. EELHRNY
BIEA %X L % ziconotide (B)IFIFL A EREGEIRMELZLIC N BALSILAF Y RILE
BAETHIENMBATING 19,

‘ o [2“
- OO 05 A
Nezens
\_N

TROX-1 (19) A-1048400 (20) 21
Compound TROX-1 (19) A-1048400 (20) 21
Inactivated ICso (UM) 0.11 0.8 0.041
resting ICso (UM) 45% at 3 uM 4.1 49% at 0.3 uM
SNL ECso0 (mg/kg po) 8 15 N.T.

Table 4. TROX-1(19), A-1048400(20), 1t &% 21 OEFEIB{EH

BREWC &2 TROX-1(19) &, EXEBFMRFOHER. TIEMHLIREERMLHE
E&l (ICs0 = 0.11 uM vs.45% at 3 uM) $H 5 EMNRENTILVS, F1= in vivo FHERIC
BT AREEEHEEBEORRNLGEMETILTH S SNLETILIZEVLWTROKSE
EDso = 8 mg/kg DE#MZTRT, 512 TROX-1(19)(F. BRBREMER S L UVHTES
BEEVSEMEREEMNEOMIC, TATNMBHRRELE T8 ESLUV 20 FDT
—DUNFEET S, PRERIERADIEET H S RIAESEE & FEECRERRH N £
AN LF v RIIVBELEOEKRIIZT LLAELDLOTEHGLAA, TESILIKEREIR

10




7% TROX-1 (194, PIRHEEIER & DMEIZ 20 EDT—CUEAL TV EVNSHE
F. CORREEXFTHLOME LA,

AbbVie OFFZFE (L, NP118809(14) & $E{LlD HTS hit tEMERBEILT S LITLkY
A-1048400 (20)Z= R L. Merck D#ieE & BB L -REHFER EHE L TL S (Table. 4) 20,
A-1048400 (20)[FHEEEH 5 FFHLIREITERMIEEYMTH Y I1Cs50 = 0.8 UM vs.
4.1 pM) . HEEEMHEBEETILTHS SNLETILICE T 2E0B 58O EDs(ElL.
15 mg/kg TH B .ILEW 20 (& 300 mg/kg FAREGHFFE CHFAESEZTIERTREI AL,
& 512 AbbVie DBARE(E, BEORLLHFERLLT 4TI/ yaRy2EQYD
VEHRIDERE LERICHKERSNERZ LEEMIODLVTEHREL TS 21, L&
M 21 (L. invitro BT THELS LEAILSDLF v RIILVEEFICHT 5 R (1Cs0 =
46 uM) L RHF T, E[EBEZHREFORKER ., FEMHCKEBRIRMEER (ICs0 = 0.041
UM vs. 49% at 3 uM) THBZ EARINTULV S (Table. 4), Ff=. 21 [EHAFT=VEF
RREMEBETIL. B/ I—FEFEEZRAV-0AETILTHS MIA ETIL, KRILTY)
URBEBANERBYMET LSSV TEENRETT CEMRESA TS, T 5,
21 1Z5 v FERAVEBERBREMEAOKRIICENT, BN MPRELET 15 E0~
—TUMNHY . 30 mgkg #OKXERIC TROX-1 (19) & EHICHFESEST IR INT
LMELY,

EMESRMEDEBEREEL LTHWLWLONS L B2AILSILFvRILBERIDOL S,
NFETIAAUFrRILEENE LEERFEBN-ESHZRLERGLOAZL, L
MALINLDERDFEA EFEFBLE. ERARNKREHAT, OLICAFUFrRiL
MEMTHDZELNHELMNIINEDTH D, 14U F v RIVBIEE—RRICHZEN
BWEEINEN, BHTEEMKEREA T UOF Y RILDFEENLET IEIFE L. OE
KROBREZEMNETIRRLELGYNEEOERDFNFELLZV SO, EYME7OX
TUYIBMEICEBAERTACETEDRRI S L (VAHY FERFLPEH) . QNat,
Cazt, K*, CID 4 DITKBNENDA X U F X RILICIE . FEF ¥ RLETELIZEHDOY T
BATHEELETNETNDAEGIHCEELGHREZLL TSI E (Thbb, EilL
LTIEAT BICIFREERBEEBO IO 4 U F v RILME. Y7524 TRIOZRMEA Y
BETHD) BLURIREAEDEMKFEA T U F v RIILOILKREBEIIRFHADEET
HHZE, BENRATRBMAROERZENE T HRIRICHERTILEN T 22
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LALAMNG, £F. HTS BHiff0&ERE - 8EEMNRE L. & o [CERBEFHERFM S
FEMENREMIES LI-C &I oT, 47484 TEREDEWNY H Y FORED
AIREMEAEFY . BIEEENSIHDNZIHREIZHYDOH D, BEAFNEALIILF
T RVEEFDOREARLEICCS LEEREERE LTEHANBAICHEZT SRR
THYEIKRVEFROCTMEEMALSHBESA TS ® 28, FLAF, X RERBE
FRITHRIN®Y 54 A BEFHEMERE. 528 NMR F2AAL-BELLZ0ERT. -
NETHELE SN TV A AU FrRLDUKBEL DL LT DALHIZESNDODOHD
she, BARFMENILY LT ¥ RILOFRERBERNTIE. WXBESFET S BELIKFN
AI)DLF v RIVOBMERFET P DAF v RIVICHERSSICHEENTSES N,
RIRICARLGEELGTRZSZASBFHRIIREFE LGV OARRTH S, 2015 FI(Z(X
FREDREBE 4.24) GADI SAAEFEMBEEICK > TYHF Cav 1.1 DEEN
BRESNDLESERDELLLIARDERNKVICHFINIRREL>TIVS 24,

FEUE AHAROBE
NOoEMNEFTOARBIXDOHNRIZOWTEEHE Lz, UTICZOBMEEZLT .
hERG BHEZRE#E L= — FEEMOA9-(1-> /7 BAF T )L-34-DE FOA Y
X/ )0 20H)-40)-24[Q-E FAFLLI0OAFIIVAFIIITEI/ TS/ DORIR

FATIARBEHRNIELEYBHLIYRE SN -TFSERAIVYXT/ Y UBRERT S
FREDPFNEAOILDDLF v RIVEER 222 FENGHEEERZE T 5 LERKIZED
% hERG BHEEALE LTIV, £ES(E. 22a OEELHZ TV, hERG BHEEMAIC
XL TH 100 BEOERMEZETHAEELR) — FEEWM(9-22¢ £15H Z LITHIN L= 1E
EM(9-22¢ (X, BAOGE N BALCHDLFYRIILATRTHY . RRNOGHEESTHE
BETILTHSTY b SNLETIICEWTEOKRE 3 mgkg KYUMREZRIEEL)
—FtEYWTHo 1=,

FZE 2{(1-EFOFSIHOAFTUIAFIIT I/ -AR-0-4 Y FTAEL-6-4 b
F-34-ERAA VXY 20H-M1IV)ITE / VORIR

)—FiEEY 22¢ b, BIFLEEMEET H5—AT. CYP2D6 £ & U 3A4 OIAEEH
ZHELTL =%, @ CYP HEERARBO-O®EEiTo-. T E RS Y X/ 1)
VCIED L anFUNEZBRKEDERLI-1-4 VYV TOELEAEEBLUER.
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CYP3A4 HEEAZ BT 52 LN TE B Oz 32 D CYP2D6 [AEEADERE %
BEELTTrFSEROAOM YR/ VDRV EVREDADEBREBAZREEL, U—F
L&MW 22c 123 L THAELUE CYP2D6 FHEEAMNREEE L (D-32r 255 &ITHTIL
t=o ILEW(R)-32r [F. MEEEMHEFEETIL. 7Y FSNLETLICEVLWTHRERL
BOH 58O EDso (£, 2.5 mgkg TH > 1=,

FME 2{CR-2-EFAXFLTAELIT I/ -1-[(19-8-4 FF2-1-T = )L-34-D
ErOAYX/Y20H-ML])ITR ) VDHER

CYP2D6 DE#4ZFEBEEME LT, U— FLEY 22c DEREBRIA Lz, F=F
[CHFTE2READER. TrEFACMYX/)oD CL fIld4 VY TRELED K S4L
BN SGEBRETIE, CYP2D6 BlIE# (CF@E S L OVAREEN R I TNV, ZD—4
T. CNETOHREN S CYP3A4 THEERZEE T 5710, 7 FL2AEDBUKIEERA L
ETHote FCT 2 DEXRI(F I/ AFVEROFLOIAAFTULEET S/
Q2R-2-E FAXLTOELEANLERTH L THKEDERZRY . NEALI DL
FrrIVBEAEZRFL DD, CYP3A4 EEMRAZREE S E1- 40a 157, LB 40a D
CYP2D6 FHEMERADEFZEIEL. TrIEFAMYX/ ) VDRUVEVRBA~NDE
BEBAZRFLEBR. T FSERAAMYF/ D C8GAA MFIEFEA LT 40p
DAMRIZE T EHEEFTHHT CYP2D6 REEHDHEELGHBER L=, LOLEGAL
40p (L BHREBAIZK YBKMENERLIzZ &L TCYPSA4EERAZELz. £ T,
BHKEDOERBEZES=. TrZERFAMYFR/ Y ClL DYV AANXTIIILEEZT T
SIVEICEMLI-EC A, CYP2D6 & U CYP3A4 [HEERAMN G NB AL I LT
v RIIVEEERAEET 5(1945d #/DHZ LICHY LTz, (LEWM19-45d (X, REMA
HEEEHEBETILCTHS T Y P SNLETILIZTEVLWTHRZRLEOKRSEOD EDso
. 2.8 mg/kg THoT1=,
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%5_%F hERG BREZE#L)—FEEHMA9-(1->o AT )-8, 4-
SeRAAYX/UU200H)-4L)-2-{[U-EFBXF>Toa~nTI)L) A
FLITE/1T2/ D DORIE
F—8 (FL®HIC

ILEaYW 22a X TATSAHREEYMI Y RESNEFHRESIFNEAOLODLF ¥
FIVEHERITHY . BEURDPZHRRICHLZOMKZBRKEREINEDHEIZE. &
VU—ADOBKERSIZT FSERAAYE/ Y UBREET S LEHERBELTL
%, ILEW 22a [& Zalicus FYBRESNESF N AL ILF v RILEAEH
NP078585(15) L AIED® A% N AL D LF v RILEEERAEET 5T THL.
RIFEKBRFRMEZRL, SoICEBORMZETLL - druglike T FE (MW <500) T
HBH=HD 2 "TNP078585 (15) & Y L BNI-{LEMTH S &E X bhf=(Table. 5).
LA LAGEA S EEY 22a & U NP078585 (15) (L3774 hERG FAEERZHERF T
L f=(Table. 5),

hERG [ZDFHHEICHKRT 2 BEEFHEOBMEKFEED ) VLF ¥ RILF Y RILD—
D2THD IKr FYyRILDoaT1=y b3FTHD. EXRNGBEIECKEFELEHILY
DLFYRILERERTHY . 6 HhATDIREBRE (S1-8S6 FA S Y) ZHLE, CD55H
S1-S4 A UHEE Y —E LTHEET %, F1=. R7 FAS D EREND S5 B&
US6 FAS VK, COadTazy N4 ERBEEHRTEHET, AVILATY
DF v RIIKRT7 & LTHEET 5, hERG BBEERZH T HEFIE. DERIZETS QT
FROERZSIEE T CEMNBRRLEDHMEE LTHELAMOATWLS, Z0 QT MRt
RERF, DEHFHORAREDIRI 779 52—ThHY., BRICEZEEDBE AN LT
BB ERBL SNEEFLEE L, BTORIEMREICE VT hERG BEEE XA
EWEOTLVS 25,

£EHLITLEY 22a B LU NP078585(15)h'58 H17% hERG FAEEAZ R L -EHZ H
IRy hERG FAEHIE LTHISN TV S Y 5 R I RS & #EEMEHAELL T
WBEOTHEIEEFEAT-2%6, Tabb, ChoDEEMEIRVEVEN 1AL 4RFER
BEQ)UA—ENLTEEMET7I/ELBETHLEVSIHBELIEEEEERLTL
%, LI AT, Zalicus DHIEE(EL. NP078585 (15)M hERG EME#ME ML L1z#&
FHZCDOWTBRIZERE L TS 16, iisld. NP078585 (15)D7 = V&R %27 = FIZEHR
TEHLETIEEREZHRSELEVEROARVEVREDEREZERT S L TR
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BNEALSDLF Y RIVEEFERAZHFELLGAS hERGEEZEEL-23 %2175
EICERYMLTWVWS, LALLGAL, CORBICEYDFEEISTSIIERL T 600 ZBA
THY., FHONFM L CAKBRRELRECEGDATVWS I ENDA DT

(Table. 5),

Table 5. {E&¥22a, NP078585 (15)E L WtEHM23D TO T 74 )L

N-type Aqueous
hERG
Molecular FLIPR solubility
Compound ICso0
weight ICso JP1/JP2
(uM)
(uM) (uM)
N
o OMe
406 0.60 8.3 >100/>100
22a
F
O (\N OMe
NQAQOME} 539 1.1 34 >100/<1
O OMe
F
NP078585 (15)
F O 0 tBu OMe
Nﬁ
K/Nﬂ\mu
O \ 619 0.43  >100 <1/<1

(0]

F

23

(=8 hERG EEREDE KA H

FE 51X, BFLGKARBEMEA druglike THFE (MW <500) &WZo71zibE¥ 22a D
FRzEELES LG <, hERG HEFAICH LTEREZEF TS — FEEYDORIE %
BIEL-ZEREETE LT, TDEIZ, E3F 5 X Mitcheson 512& % hERG QOEED#Ei&E

HEBEREDORREZESILT- 27, Mitcheson bIZ&nIE, hERG BEEEREZRT HILLD
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LF v RBERE LS TS M) VLF v RIVEEFRDZ <A, hERG O S6 KA VT
MEHRYT A ETHEEAEZTRT . EUDITEVEZTERZRT HICE, S6 KAA
> Phet6 S LU Tyrt52 E DHEBEERANEETHLIZ EMNHALMNIIIN TS,

T TEELGIE LAY 22a B hERG AEERZTRT MO NIL SV LF v RILEEH
RI#KIZ S6 KA A VIC#HAT ST EThERGBEFERAEELTLDDTIEALDERE
Ltz SOREICHL. BIROD Zalicus HOEBRFERABRICIEEMEZREFEERT S
CET.S6 FAAMVICHEETHAFBEMEELEDHFA V- MEEERAVCBKEZRELD
HEMAEERAZHERSIESHILICLY hERG BEFRAZRBEIELIILENEZONT:
2% 28, LMWLEMNS, SO7TO—FIXEEY 28 D& S ITKBEENKE(BLEDN
LATREMEA S LM (Table. 5), T TEEL(E, BEUBRFEFER LGN CHEEERER
FEIEHHDOHEHE L TEEERCHEREERAZRESIESH=® 22a DT 2
FILT S/ EBHOEBREE LTz 20, BAMICE, FERERELOTMEE/EREHE
KEEHEHDICTIZNEZEMBHIREAEETHBL, SoCBKERE L OHERESE
AzRBEIEH5EMT. BEALEEBERRAKBREEAZREI S L E L,

B 1-270AFUIB34-TRISERASA VX ) VEERDERK
1-o8anX)LT o ERFAA Y X/ ) UFEERIE Scheme 1IZRT & SITER LT,
BHD1->7aAnFI LT RSERAMYEXR/ YV 2dalcl Ty o7 EFIILSOY
K% Schotten-Baumann RIGEHTHEE L& . BoN7E F7 S F25alcxLTT
ILFIEIZE Y 7 = 26a-26d, 26f ZERA S 5 Z & T 22a-22d, 22f 151, ¥3I
17(9-22¢ & V(R)-22¢ [TDNTIE, TR ENBRHMD()-BELU(R)- 7 AANF LT b
SErRAAYF/ )UK YBFBLE 30, £EY 22e [TDOVTIEK, 1-7OAF LTk
JERASYX/ )% Boc ETRELT YD UICTTTVEL Boc EERi{RER.
ERLET7IU2TEAFOTU 281 ERIESEDIETER LT
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“NH,

N 26a-26d, 26f
a j(\c| WK\N
98% °© 48%-98%

24a 25a 22a-22d, 22f

a R = 2-methoxyphenylmethyl

b R = cyclohexyl

¢ R = 1-hydroxycyclohexyl

d R = 1-hydroxycyclopentyl

f R = 1-hydroxycyclohexylmethyl

O

24a T(\NHZ T(\N
99% 20%

Scheme 1. {E&# 22a-22f DERK

Reagents and conditions: (a) chloroacetyl chloride, AcOEt, sat.NaHCOs, rt, 1 h; (b) PraNEt, CHCls,
60 °C, 2 d; (¢) [(tert-butoxycarbonyl)amino]acetic acid, pivaloyl chloride, 4-methylmorpholine,

CH2Cls, rt, 14 h; (d) 4 M HCV/AcOEt, AcOEt, 50 °C, 5 h; (g) 2-propanol, reflux, 15 h.

EUE EIEIMH S ER

a) EEPEIHE A&

N&#ALSYLF v RLEEERIE. IMR-32 £ MEEFMREMRRZAL FLIPR 7 v
AIZKYERM LIz, TDE. nitrendipine ZHVWTLEALSDLF v RIILZEREFL
t=. hERG FEE £ CHO #i#2 % FL = Rb efflux 7 v+ 4 |2 TEHEi L 7=(Table. 6),
b) HEEEMEAAR

SOANFZ UL AFIIEZBALT22bIE, 22alTERF2ENE AL D LF v R IJLHE
EEUNBBLI-LOD, WMBEhERGHEEZFEABIE L=, £DT-HhERGHEEEM &
NEAL DY LF v RILEEERAOERMEF20ECHEL, TLITS V7 AANF LA
FILEAKBEFEEAL2c5ERLTI-E A, BUKEAERE L f-7-OhERGIEE F (X
22alTLEARKI2EREE Lo 1L EW22cDNE AL O LTF v RILBAEERAIE22aL FE T
HY. BIRMEF6OEIZE LT,
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BT, fANROY A XEREF LIz, AR FILE22AE L VLY AN TFILIK22e
OhERGHEEFFEMIF EHIT. U AANFIUILAKR22cL Y £ 5D o1z, AEFTTIE22dA &R
£ 3B UOhERGHEEERAEZ R LIz, L LAEAS, 22d8 & U22e& HIINBAL DI LF
YRIVBBEERSL 7 AT D ILER22eITHEARSBLILETE Loz, EBIC, VA—FK
[COWTIRELE=EC A, ITFLY A—R22(KY L AFILY VAh—K22cDHFHEN
NEANSDLF v RIIVBAEERZRL, LEYWERERGOTTMEEERZHELRSES
=8, BAFEMREANEEBRL, SHICHEHEEERERBESIE-ORE~ADKEEE
BATAHIETHHFEYAERGHEFRAZ MBI T ENTE R, NBEALSILTF
Y RIVBEEERIK, KBEESAICEIYEEL, EBHMRES 7 OATVILENRLEFR
T, DOA—EAFILYA—DFELO ENDI Tz, ZTORR. SEBKEEFLIE
EMTIE, 22 REFELTOT7AILERBLTVS I EN D o1,
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Table 6. BAFNAEAIRE K UV KBEEBAICK ANE AL VI LF v #ILVEEEA. hERG
BREERAE & EREADZE

NWN}\ N-type hERG/N-type
I hERG
FLIPR selectivity
ICs0 (uM)
ICs0 (uM) ratio
Compound
22a w@ 0.60 8.3 13.8
OMe
29b \(\O 1.3 26.0 20.0
OH
22¢ \(\O 0.77 46.1 59.9
OH
22d ‘(\‘O 2.8 78.6 28.1
OH
92%e ‘(\O 2.6 50.1 19.6
OH
929f M@ 1.7 N.T. N.T

BOUNEHLODLF v RIILEEERAZR LhERGEEERICH L THRY RIFEERKE
ZR L1222 D ERFE A Z SR LT L /=(Table. 7). ZDHER. (9FDAEHN(R)
AKEYENBEAHLDDLF v RILVEEEANRChERGEEEREDRRELTH NN &

Noh-ot=,
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Table 7. {EE#(9)-22¢H & W(R)-22cDNE ALY LF ¥ =IJLAE/EA. hERGEEE
AH L UEEIRME

N-type hERG/N-type
hERG
Compound FLIPR selectivity
ICso (M)
ICs0 (uM) ratio
N OH
(9)-22¢ EAN% 1.0 98 98.0
(R)-22¢ fﬂA@ 15 76 50.7

c) U—KEEMm©-22c TR T4 )Y

EEM(9-22¢I=5x L TE 572 5 5Hfi 1T o 1=(Table. 8), EEL5DNDCYP7 A Y T4 —
LIz L T2k YBRFHRTAT 74 ILERLIz, &Y bIFCYPLIA2, CYP2CY,
CYP2CIONDHEEERIIKRELHE L=, EEEFUHEFEOBMETILE LTELHML
NBSNLETILIZT(9-22c55HE L =& 2 5. (9-22¢lE3 mg/kgiROH G & U $BE
B %R L1=(Figure. 8A), ZDHEIF30 mg/keROFRE5HRFETCHEREMNTH =,
f=rotarodiRERIZ & Y (9)-22cDIHFEB D E L FHE L /=& Z 5. 30 mg/kgH & U100
mg/kgR AR ERFICHLTH(9-22¢I2 & 5% TEHE DB (EHER S ixh - 7= (Figure.
8B)e TDIT & &Y(9-22¢ [F. 3 mgkgh 530 mg/kg#E ARG ICIHFET~DFEZ
[TFICEREHRERLTVDEDEEZ DT,
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Table 8. {E&¥22a8 &K VU(9-22cDFECYPHH FiEIZxt T B HEEH

CYP3A4»

CYP1A2 CYP2C9 CYP2C19 CYP2D6 Preincubation

Compound
ICso (uMD ICso (uM) ICs0 (uM) ICso (uMD) time

Omin 30 min

o] OMe
26 4.8 3.0 0.37 65% 53%
22a
N OH
E/\”A@
>50 >50 >50 0.60 87% 67%
(9)-22¢

aResidual activities (%) of HLM were evaluated using midazolam as a probe substrate.

=#&IZ. wholecel/XyF 49 5> TEHERWNT(9-22cDFEMHLIKES K URFEMHILIKEE
BONEAIIL DD LF v RIVIZHT HIERAZFHE L 1=, (9-22¢cld. TIFMHEILIKEE (-70 mV)
BONE ALY LF v RILIZH LTICs = 1.7 MO BEEFEMEZ R LE-DIZR L, FiE

EIREE (-90 mV) BFONEAIIL D LF v R )LIZH L TIXICso = 12.7 uMDFFLVAEFE

LIRS GEMN oz, THDE, (9-22eFFEFHIKRBEZERMBENE AL SV LF ¥

IVEERITH D Z LA h >z, Merck®AbbVieDNE AL L) LF v 3 LEEARIZH

(T 5 E AR, (9-22FFHCKEZBRNGHEZALTLS-O, HRAEH~DE

FEEEZH LGS, EHEWRERLI-EEZ OGNS,

5

21



1.2 300
1.0 9250 -
& T * iy 3 5 O *e Aa
=08 - * =200 Oop0O °
: : o,
S L = .
_% 0.6 o g 150 000 e AA
foaf g100 4
= =]
o2 & 50 -
00 - 0 -
Normal Vehicle 3 10 30 Vehicle 30 100
(9)-22¢ (mg/kg, po) (9)-22¢ (mg/kg, po)

Figure 8. (A) S v k SNL ETIILZRAL=(9-22c DHBET O T 4 Z T ~DHE

Each bar represents the mean + SEM withdrawal threshold of the hindpaw (n=8). #P <0.005, statistically
significant compared with normal group (Student's t-test). *P <0.05 and **P <0.005, statistically significant
compared with vehicle-treated group (Dunnett’s test). Closed columns, operated side paw in drug- and
vehicle-treated group. Open column, non-operated side paw in vehicle-treated group.

(B) rotarod FRERIZE T 5(9-22¢c DIHREEI-xI T HFE

Each symbol represents individual data. Dunnett’s test was used to test for statistical significance of differences

between drug- and vehicle-treated groups. No significant differences between these groups were noted.

FRE FEIEFEH R

FATIARBEHRNEEYBEHIYRE ST S ERAA YT/ Y UERERT A5
BESFNEAIL D LF v RIIEEFI22aEB A GEEEREET 5 LRAKICHALE
hERGPEEERL AL TV, EBLE, LEW22aB8RKD2- A FF Tz ZLIFILE
Z1(F72/AFII) ERAFILIOAFUNEALERT S L TRIFLKBEZH
HLAGAOhERGIHERE T S LITH Lz, Ff-ICRESA-T FSEFOCIVYF
J IV UEBERERT 5(9-22clE. hERGIEEERICH L THI100EDEIREEH I 511
TS, BAGNEAL D LF Y RIIVAEFRTHY . #EEEEERBEETIVIZENT
BOZEICT3megkek YSRERIEELG ) — MMEEWMTH o1-. F=. whole-cell/X
YFYV S TERERANT(9-22c0DFHALKES K UREHLKEBEONE AL D LF
YRIVIZHT HEREFELI-E A, (9-22cl&. FEHICKEZEROGENEAILED
LFvRIEEFRITHS Z Ehhh o=,
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F=F 2-{[(U-EFOF>>oOAXII)AFLITE/-0R-(1-4 Y
TOEL-6-A X234 RAAMYF/YU20H-ML)TE /2D
B

F—8 (FL®HIC

EZBCBVTEESE. hERGEZEERICH L THI00EDEREEZE L. BEES
HEBETIVICEVWTROKREIZTS mgkek YHRZRTIEEL ) — FEAW(9-22¢
EREI CEITHILIz, L LAAS, (9-22¢[ECYP2D6E &K UBA4PREEMEZA L
TWAIEMNBALMEL ST,

CYPERIE. EHAMEAD— DT, HEAFELELTALEETHBILBERTHY. &
EAETRTOEYITHEEL TS, CYPEEO—FETHSH CYP2D6L3A4IE. MR
HOETELGERTHY . BERTHASINIEFDE S L £25%HCYP2D6IC & Y K &
. 50% L EDEFINCYP3A4IZL Y RBFEShDESh TN S8, CYPRREERE2ET
LHER|IGAT LIEREOEYBBEERICLE >TEMERZEIESEI LY., EHIZE
FEEE5EZ-YTHARENENH D, & YDITHREKRFMNECYPEEERIL. KERICD
ZTOEENFHRLEBTLHIILENH LUV O, EXLGRMERAZSITEI T I DAL
LY, R, HREEEAERAEICE EA S h SanmitriptylinefPimipramine & LN o ==
B S DE (TCAs) [E. #1532 L L TRAS N Sfluoxetinetdparoxetine & LN > 1=
BRMtE0 b= UBRYRAABAEE (SSRD LOEYREEEAL/MLONTEYREIC
[ZEIEEET %%, —HT. pregabalint®gabapentin & L) > = EYRIHEERADBESA
DLEVHEREEHERARELEEL. CORTIRMRS D (TCAs) LA = -
JILT R UBRYRAAHBEEFSE (SNRD &Vt EREAEELY LERKRLOF
FEEAEWNEEINS, OO LEERAROEKRKES X UHEREEHERBRENKRAL
REEZERLTDHIL., 2FY ., BALEREZRAT HBEMLTREEEEL TS
&, EBREAT, EELSIE. FHRMEEEHEARAREIEYHEEFROESN LN
ENEFELWVWTHASEERTz, TD-HCYP2D6H K U3A4AEFFMHDEIEZFBHIEL
T22c% ') — MMeEWE LI-mBIEMRIZETF L1,

E_H CYP2D6 £ & U 3A4 [HERIBDE KA

BRCRBEEBRMEICLSIME LY CYP2D6 & U 3A4 OEERYT v FIKRELCFEL:
ABENENI ENMEN TN, SOICHRMOREE L DEESRK X RiESBERTOR
HIZOWTEH, BEZDELDOHROENTWSEIFTTHEL, EFINKRYT v FDOBRRGY A

23



MEETHIENMESIN TS (Figure. 9), TD-HEEFRICEIVTRYF
VR TAREEFRT DLV BEN RS I THAUICKY CYPREERZ
BESEAICLF—MRICHHETHLIEEINTLDS 35, T TEELIIRBRMHMRZIEA
LT CYP2D6 & U 3A4 FAEFMEEBOERAHMEITT S L& LT,

ketoconazole 2
erythromycin

\
e, | X _ flurbiprofen
meph \oin \(N \ <21
5 £ .
TS \“ L ..‘:H"_' J\-L Fnaphtoflavone
3. ,

ketooonazol;"P

Figure 9. CYP3A4 LHEHI 5 LEYD X RFERDEREHE 35

FTEEL T BAEOTIMEAYMN CYP ORBEIZHY LTV EWVS K <MLz
RITEB L1z 36, RBMDIEZEE LT, LEMBEICHHTE S cLogDr« 2ANS 2 &
ELNEALSHLF v RIVEEEREHFLANS, BUKET A5 cLogDrs 18
WMESEHIETCYP HEZRBT S LE LTz, U—FEEW 22¢ ICITBERKEDE L
o0V AanTIIVENTFRICHEET SN KDFH, MAEEL L TRLBEKE
DEWVWL-278AFVILTRZE RO YR/ ) VEBEOIEBHERIZOVTERFT S
EOHTFRSERABAYF/ YD ClEEOBRAEETREE L=,

512, CYP2D6MAEHIICH BT HEEMHME L TEEMZERRFLTEMLEFE
BOBENQSARBNE THME SN T 536, Plizer®WMRE L&, COEENSHES
TH5E/T7IVERYRAABEEZFOAERICEVWTTEMNEEFEFTREAODEREEAN
CYP2D6REEFMICKELUHELEZR LD LEREL TS (Table 9) 3637, I T,
CORMERT 5(9-22cDCYP2D6RRERBLEME LTEESET S E RO Y
F/VDRUVEVBEAQEBREEAIZONTHREZIToT=,
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o J R F Cl OCF; | OMe
@ CYP2D6 >29 | 0.795 | 0.125 | >29

o& NH 1C50 (M)

Table 9. BIAE B AN CYP2D6 [HEERIZE Z 2 82E&

E=H 1BRTESERFOSAVYX/ U UFEROER

1 BT FSERFOAYFX/ ) UFEERIE Scheme 2 2RI KIS ICTERR Lz, HEEH
DT TRFILT (29, 29k—29n, 29p, BELU 2997 VIILiELTHELNS 7 F
(30b, 30g, 30h, 30k—30n, 30p, & & Uf 30q) % Bischler-Napieralski R IG5 & 5 L Xk
BESEZEHEZAVTERILE. KRIERIVRFT M) VALICKYEREFT>TT S E RO
14Y*/1)(31b, 31g, 31h, 31k-31n, 31p, $L U 319 Z%F/=., . TrSEFOSLY
* /1) >(31e, 31f, 311, 310, B & U 31r-31)IT DV TIFEEHMDAEIHRE>TER L1z 39
0, Ff- 3la BXV(9-31j THREZEAFLI-. TS EFROAYF /1) (31a, 31b,
3le-31m, 310, 31p, B&LU 31r-31t)Z /OO F7EFILY O KIZTF7 VILiLE 1-(7 =
JAFIIVAnFY /) —LERRSEDIETTMSERFAAY X/ ) UFERK
(32a, 32b, 32e-32m, 320, 32p, H LU 32r-32t) F151=, HFFEMHL(R)-32r L. (97
UTILBERW-CTARATLAYT—EEIZLYBEOAET FSEROAYX/ Y
(R)-32r MSEIRDAEICTER LTz, F£12(9-32r (£(9-31r K YFEE Lz, (A-31r ®
M SIAE R T ERER X REBERT L YRE L=,

Figure 10. (®)-31r O X {R#ERIEE
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14V 7OEL-SE#RT FSERFOAYFX/ ) 2(32n &1V 32q [ Scheme 2 Z7RT
KOICER Lz, TORE, SERT FSEFAAVYEX/ JUEERNICERT 5128,
2-TAETIRFILT7 29 LUV 299 ZFEHELTHWV-90.2-TAET = RFIL
72229 XU 299)1E. 3ITRRIZT1I AV TREIL-S5TAE-SERT FSERAA
VYE/1)o@ln BLUBLYQANEFELZ, 141V TREL-5-TOE-SEBRT FSEF
AAYX/1)2@Bln 8&U31lg 2/ 0O07EFILI/AY RIZTTZVLEER, JOER
EETMIBRELTLI AV TOEL-SERT FSEFOMYX/ ) 2(B2n LU 329
151,
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R' 1

R
3
RLéj/\/NHZ aorb R23©/\/ YR cordorethen,f R "
60%100% 47 ° 7%-88% I,
29b: R, R*=H 30b: R', R? = H, R’ = 4-tetrahydropyranyl 31b: R', R® = H, R’ = 4-tetrahydropyranyl
(for 30b, 30g, 30h)  30g: R',R®=H, R® = tert-butyl 31g: RI,RZ:H,R = tert-butyl
29k: R1 = Me, RZ =H 30h: R, R%*= H, R? = 1-ethylpropyl 31h: R', R* = H, R’ = 1-ethylpropyl
291: R' =H, R*=3-Me 30k:R'=Me, R*=H,R’= isopropyl 31k:R'=Me, R*=H,R’ = isopropyl
29m: R =H,R?>=4-Me 301: R' =H, R = 3-Me, R’ = =1isopropyl 311: R' =H, R*=6-Me, R’ = isopropyl
29n: R' = Br, R =5-Me 30m: R =H, Rl =4-Me, R® = =1isopropyl 31m:R'=H, RZ =7-Me, R =1isopropyl
29p: R =H, R*=4F 30n: R = Br, R*=5 Me, R =1isopropyl 31n: R' = Br, R = 8-Me, R =1isopropyl
29q: R'=Br,R*=5F 30p: R =H, RZ=4 F, R’ —1s0propyl 31p: R'=H,R® =7 F, R’ —1s0propy1
30q: R!'= Br, R’=5- F, R®= =1isopropyl 31q: R'= Br, R’=8- F, R’= =1isopropyl
5
7
e  89%68% j(\N

31a:R'=H,R*=H 32a: R1=H,R2=H

31b: R'=H,R*=4- tetrahydropyranyl 32b: R'=H,R* =4t tetrahydropyranyl

3le: R' = H, R = methyl 32e: R' = H, R? = methyl

31f: R'=H, R2 =1isopropyl 32f: R'=H,R*= isopropyl

31g:R'=H,R’= ert‘butyl 32¢:R'=H, R2 = tert-butyl

31h: R1 =H, R = 1-ethylpropyl 32h:R'=H,R*>=1- ethylpropyl

31i: R H R? =c yclopentyl 32i:R'=H, RZ = cyclopentyl

(9- 31] R'=H, R Sphenyl (5')'32]'1 R'=H,R*= Sphenyl

31k: R =5-Me, R =1isopropyl 32k: R 5-Me, R” = isopropyl

311: R'=6-Me, R? = isopropyl
31m: R'= ’7'Me,(R2 =isopropyl
310: R'=6F, R*= isopropyl
31p: R'=7-F, R’= isopropyl
31r: R' = 6-MeO, R? =isopropyl
31s: R'=7-MeO, R* = isopropyl
31t: R = 8MeO, R*= isopropyl

Br
NH g hi
8 8
R R
31n: R =Me
3lq: R=F
Scheme 2. 1-

321: R' = 6-Me, R2 =1isopropyl
32m: R'=17- Me,(R = isopropyl
320:R'=6F,R*= isopropyl
32p: R'=17-F, R*= isopropyl
32r: R' = 6-MeO, R? = isopropyl
32s: R' = 7-MeO, RZ =isopropyl
32t: R' = 8MeO, R*= isopropyl

32n: R = Me (35%)
32q: R =TF (45%)

ERTFSEROAMYX/ ) UFERDER

Reagents and conditions: (a) RCOH, WSCD, HOBt, CH,Cl,, DMF, rt, 1 d; (b) RCOCY, sat. NaHCO,,

AcOEt, rt, 3 h; (c) polyphosphate ester, 120°C, 2 h; (d) (i) FeCl,, (COCD,, 1,2-DCE, rt, 5 h (i) H,SO,,

MeOH, reflux, 12 h; (e) P.O POC] 120 °C, 8 h;

275

() NaBH ., MeOH, rt, 1 h; (g) chloroacetyl chloride,

K,CO,, H,0, AcOEt, rt, 1 h; (h) 1-(aminomethyl)cyclohexanol, K,CO,, MeCN, 70 °C, 3 d; (1) 10%

Pd/C, Et,N, EtOH, rt, 6 h.

IEEW32clE. Scheme 3IZRT &SI
T 7 2 JIERIGICTR D

arL1=,
IIWEFBALFE., AFILYFOLZEREZMAMLTTZILO

ThZEROAYXR/ ) 33T LIE
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—IL34EERH LTz, BONI=TILa—)L34FE A FILLE. NUDIILEZRRELTT b
JeErFBAYX/1)8lck Lize TRIERFBASAYX/ 1) U31clF2ITREICTILEY32e

~NEFE LT, EEM32dIE. Scheme 3ITRT &S ITEM LIz, HERHTHSE/ND
AIVETRESNE-TFSERAAM YT/ ) U35F ) FAILR., 7 FVITKREMAMS
B, ELETILa—LFE ) DLAOBMBEERSES S ETENDSILEDEMNZ
HFWELAL, TRSEROAYF/ YUIANEFELISR, ThIEFAMYF/ Y
367 VILEE., 1(F I/ AFIIVTIONTY/ —LEDBRRIGIZHAL, E/NOA
IWEERRELT32dEEM LT,

N
g B T 84%
OzEt 22%’ HO ?
34

W/W

9%

©i> W* 66% ©£ eGf%1 ©£ \H/\N

35
Scheme 3. L&) 32¢ & 32d DERK
Reagents and conditions: (a) PhCHO, NaBH(OAc),, AcOH, rt, 15 h; (b) MeLi, THF, —78 °C-0 °C, 3
h; (¢) NaH, Mel, THF, rt, 20 h; (d) 10% Pd/C, H, MeOH, rt, 8 h; (e) chloroacetyl chloride, sat.
NaHCOS, AcOEt, rt, 2 h; (f) 1-(aminomethyl)cyclohexanol, chos’ 1,4-dioxane, 50 °C, 2 h; (g) ()
BuLi, TMEDA, THF, —78 °C, 10 min (ii) then, acetone —78 °C, 1 h; (h) TFA, rt, 4 h; G) DIBAH,

CH,Cl,, ~78 °C—0 °C, 7 h.

SEruE REFFMEESE
a) EIEFE %
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N ALY LF v R LEEERIE. IMR-32 £ MRS MEMRZAL FLIPR 7 v
A 12K YER@ L7z (Table 10), £ DM, nitrendipine #FFAWVT LB AL D LF ¥
WEBRE L, WO DEEMITDONTIE, HAEELELT 3 R2-(MNIIFIL-N
AFITUEZDL)>-IFITA X4 AFIY <Y (AMMC)%ALVT CYP2D6
FAEFMZ5FE L 1=, CYP3A4 BAEEMIE. midazolam # TA—JHEBE L LTAHWSC
ETRHIHMGRAEEE (LA oFa~"—23 04 0) 8L URBKEFEMGEZEE («
vFaR—2 3030 2iRETHE) ZEFM@EL <.

b) HEEEMEAR 1
J— FEEY 22¢ L YBBEZREL-FEAK 32a X NEALSILF v RIVEEF
HAKRECHB LIz, TFIERAAYFR/ YO CLIICI—TILEEZFTSH32b B&
U382 (E, YO ANFULNEERT S22 ELBELTEBELZ 5 EESMNHB L, &
BIZUAFIVAIE, —)LEBALT-32d LEMAKRECHB LIz, COBRKLY. T
FSERAAYX/ )Y CLE~NDFKEEBREDBAICE > T, NEAHLIILFY
FIVHEEEZRFSELICLEEHETHS LHIL, UL TEHKEDEBOIRIZD
WTHERET LTz AFILEZTFSERAAMYEF/ YU CIHICEBALZED A, 22¢ & EE
BLTHABNEALS ILF v RIVEAZEELNBEN >z —H T, 41V TEELE,
tTFIVE, 2T FILTHELED ClEZ~ADBEAIZK Y, 32f 32g, 32h (FF&RILVN &5
WO LFvR)VEEEFEEZRL-, BKEORKEBRETHA VARV FILEESR
T332 09Tz ILEEFTH(932] HEBRODNEDIL I LF v +ILAEEMHE
L2 Ehn, FEHRROLOICTFIERAC Y X/ )Y CLLICITBKEE R
EDBREENVETHSZ ENDN o=, SERIDREFICEY . BONEALOVLF ¥R
LEEEMZRTIELEWMPTIILEY 32f DAV TOELENREL /DS HERETHY.
IEBMEDIEETH S cLogDr4 [2DWTH 32f A1 2.37 LRI /M E Mo 1=,
RIFGENEALSDLF v RILVEEEEEZRTILEWIZ DT CYP2D6 EL U
CYP3A4 MEEFMHICDEFMZ1T o 7=. L&Y 22¢ L LB L T, CYP2D6 FREEHED
BWHEERLEEEMEI—DL AN of-, —A T, CYP3A4FREFHICEAL TIE. 32¢ &
&£ U 32h [F 22¢ ELEE L THHEM S & VB REIIKEFNLG CYP3A4 HEFMHZ B 1=
—AT. 321 8L U(9-32j [(ETRRUKFMLGEETEEZREL. ThZEFOM VXY
)2 ClDBUKMEZRIE S E- 32f 1%, A E & UREIKFHGEEEEZ LI
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BESE-, CNHOoDREICEY, BFENEALODLF v RILBEEEABL, A1
BE & UKL CYP3A4 REFEM ZME L= 32f ZRHT &N TE S,
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Table 10. T FSERAOAYEX/ ) DCIEUADEBREBAIZEANE ALY LF ¥R
JLBEEER. CYP2D6H &K UCYP3A4HEER~ADEE

N-type CYP3A4a
Compound CYP2D6 . . .
R FLIPR Preincubation time cLogD7.4b
No. ICs0 (UMD
ICs0 (uMD 0 min 30 min

22¢ OA 0.77 0.78 86% 61% 3.48
32a H 8.0 N.T. N.T. N.T. 1.10
32b (Q)\ 4.1 N.T. N.T. N.T. 1.51
32c Mecﬁ/\ 3.7 N.T. N.T. N.T. 1.68
32d Hc?ﬁ‘ 6.1 N.T. N.T. N.T. 1.07
32 Me 2.9 N.T. 65% 33% 1.50
32f \(\ 1.1 <0.78 92% 98% 2.37
32¢g >(\ 0.80 <0.78 N.T. N.T. 2.78
32h ﬁ/\ 0.73 <0.78 7% 59% 3.39
32i @/\ 0.99 <0.39 89% 84% 2.95

(9-32j ©)\ 1.0 <0.39 89% 78% 2.75

aResidual activities (%) of HLM were evaluated using midazolam as a probe substrate. >cLogD values at pH 7.4

were calculated with ACD/PhysChem Batch (version 12.01).
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o) HEETEMEMERS 2

ATERIC CTHRAG L 1= 32 A CYP2D6 PHEFEM R L=, 5IZHNT, 32 2T TL

—hrELT. TRIERFABAYF/ UDDORVEVRED~DEBREZAIC DO THRE

Z{To7= (Table 11), * FILEZZA L1=FEK 32k-32n TIE, 6-4 FILIK 321 Hiix

LRIFLENEALSYLF v RILBAEERRLEZ, LHALGNS, ChoDiEEad A

FILEDBRUEBIZLSTETOILEMIZH T 32f IR TAIH A4 CYP3A4 AESE

MNEL Loz, CORED—DITILEMDHKEDERDEZENEZ SN, ILEY

2 ND T VHREDEA(320-32¢)ITH T H A FILREKKIZ C6 LD EHIA 320 NRELR

FREEERLZDEEIE 6 AFILAKI2 ERFETH Tz, A FFEHDEA(32r-32t)

T, BEREOBAMEBICLOTREFLEHEZRFLL-LOM., 32f LR L TEERAL

FRonGA, ST,

Rk R CYP3A4 FAEFMICEAL T, T3 EFOAMY X/ D CEU~NEBREE

BALTALEY 32n, 32q, HLU 32t [F, BMEITKI S T(Z32f LR TERZERS

DT LT, Co~NBEBMEZTBALILEY 321, 320, HKL U 32r (F, 32f LAF

DEFHEEMZRIFL Z, $FIT. COfLITA PFIEFBA LT 32r (X, FFREKEFNLG

CYP3A4 HEEMH DA 5T aIEMGAEEFEICOVTHLRIFLEE IR I 7/ IILER

L7

CYP2D6 FAEMEAIZDOLTIL, 32r DHH 32f & Y L POFHERBERT DA T, T b

SERAMYX/ ) UBSDRVEVEADEBREEADEZERFIKREL LI 21, FE

REA~NDEBREZEAICELY CYP2D6 FAEFMMNKRESCEILT S & & RH L1 Pfizer

OHRRELF. FHEARELELLEZERIZOVTRD 3 D2OKSITHBAL TULVS 36,

@ BELa I+ A—2 3 VmEND

(i1 BRKMED & 5 BB DEL

()  CYP2D6 MEE L DHEMLGHEEER~NOEE

D3 DODERNLSEIDHELADBIFIUTOLSITHAT I ENTE D,

@ ClLEIDA YV TRENELDBICELAAARMNERFEICKDIV T A3y
TP RBVEA/TEST IS ERAMVYEX/ ) Y CBU~NDEBREBATIE.
32n, 32t ITREN S K 512, CYP2D6 FREERICITEEEZEZ LM o=, HL.
CLEDA YV TRELNEFHEKM/NSLGERETHY . SERE LI-FERET
Fav I+ A—2 3 UFEIZKS CYP2D6 HERANDEEILARMICR SN
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%5, £f-&% CYP2D6 FHEEMNTEMN 512 32r D C6 I~AD A FF L HBAIC
KBAVITH A= aVE~NDEEEREGVLEDEZEZ bNT,

(i1) CYP3A4 HEFEM EBHKECDOWTIIEAMTIEHSLDODOHEEENRESH
F=H¥.CYP2D6 BREEM & BUKIEIC XS BIDRET TIXAEEMSEA ShEh o=,
CCR37UVAIZRAMARTHRESINTINS L 51T 36ab LY KELEKEDIE
BEITAIE, CYP2D6 FAEEMEDRBAATEEN L LAWY, L2 DRETIE,
RELGHKEDEBRETI EEEFETHASNEAILS Y LF v RIILEEEAD
BCGS>TLESAIRERENEVEEZ DT,

(i) C6fIADA FFPEDEBEAIZK D CYP2D6 [BEEMDHESEIL CYP2D6 DEE
LILEYDRHEMNGHREERN A FXDEICK>TEGDODASMN, HAHLEIA
FUEDRVEVRTMBEFADEEICE >TELGELNAS., HHVIIZO@MAICE
STHEGELATVSIDEEZONSD, LALLM G, 32r A CYP2D6 FAEFE
MEELTVWS I L., BLUVEBREDEBELEMRMEICK oY CYP2D6 BHEE
I L CHEQEEN GV LEEZAD L FENGHEEERZEBRENRE
TEOMRIAFTERTERELLGNEEZ BN,

BEHRELT, TRSERAAYF/ U ClLEDEBRENA Y TOELEDEETIL,
CYP2D6 [HEEMZFRELNLORTI I EFFA#HTHA LI ITRHONI-, AL, C1
MIZAYTAELELY LRELEBRELZBEAL C8RICEALL-ERELOMICEL
SUARMERFEICLDAV T+ A —2 3 VEH CYP2D6 FHEEMICHLTED &L S

[CHET HENMIDVTIERRFFETHY . CYP2D6 HEFMHBBOHAFINZ I NS,

LOALENS. TRSEROSAYX/ )Y COEICERENG CLEICKEABRES
BT BT DILEY 32h, 32i, HLU(9-32j I&. CYP2D6 FHEFMEMRIVLIZ, ZDOE
WERKMED -6 CYP3A4 FHEFME @M o 1=,
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Table 11. -4 YV 7AELT FrSEROAYF/ ) VDR UE VIR ~DEREEA
[CEBANBEAIILSYLF v RIILBEEER. CYP2D6E &K UCYP3A4EEERADEE

N-type CYP3A4a
R CYP2D6
FLIPR Preincubation time cLogD7.4b
(Compound No.) ICso (uM)
ICso (uM) 0 min 30 min
H (32f) 1.1 <0.78 92% 98% 2.37
5-Me (32k) 1.4 <0.78 68% 87% 2.88
6-Me (321 0.85 <0.78 75% 105% 2.78
7-Me (32m) 1.4 <0.78 72% 103% 2.94
8-Me (32n) 1.6 <0.78 73% 82% 2.70
6-F (320) 0.89 0.39 86% 101% 2.55
7-F (32p) 1.3 0.68 89% 81% 2.24
8-F (32q) 1.5 <0.78 100% 85% 1.92
6-MeO (32r) 1.3 1.8 94% 95% 2.55
7-MeO (32s) 1.6 N.T. N.T. N.T. 2.82
8-MeO (32t) 1.4 <0.78 72% 81% 2.90

aResidual activities (%) of HLM were evaluated using midazolam as a probe substrate. >cLogD values at pH 7.4

were calculated with ACD/PhysChem Batch (version 12.01).

d) (B-32rB&UK(9-32rDTOT 74412y

SEEGELON=32rDM T o F A —FGR LT HZIT o= (Table 12), BERRWNC &
2. I FUFAY—IFE FIFS /0 Y —LAICHT ZRBLEEUNZZFEFDED T
B7740LERLIz, F=5t SKICTHA, (B-32r8E & W(9-32rONE AL VI LF v
FIVEHEEREOOE N o=, Ty A REDFAEMEFIHBRTELGRLLS, U—FEED
2c CHLELUDHERMNFIOATNS Z &, E I ZalicusDAREELNE ALV LF ¥
FIVBAEFI CTRBLEERERE L TS Z & o o PleifferBI OIS O AT EEMEA R S L
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fz16e 41, (R)-32r1&(9-32r 5 SARICLERCYP2D6[HEERAMNPLOTE Moz, Tz
(R)-32r(FMhDCYPH FREICK T HHEFFE T T 7 A IILITEREICEF THY . hERGHE
EEAVEL o=, EMFIIOY—LICHTHIRBREEICEL TIE., (A-32r(%
(9-32rI2xt L TH2MELRE TH o 1=((H-32r CL = 101.1 ml/min/kg, (9-32r CL = 187.8
ml/min/kg),

Table 12. (B)-32r &(9-32r @ in vitro B TR0 T 7 A )L

Major CYP isoforms
N-type
hERG CYP3A42
FLIPR 1A2 2C9 2C19 2D6
Compound ICso . L
ICso ICso ICso ICso ICso Preincubation time
(uM)
(M) (uM) (uM) (uM) (uM) Omin 30 min
(R)-32r 1.9 >100 >50 >50 >50 2.9 99% 92%
(9-32r 2.1 >100 >50 >50 N.T. 2.0 96% 99%

aResidual activities (%) of HLM were evaluated using midazolam as a probe substrate.

I IRRIILTY UHERIZK Y (R)-32r DEE~DIERAEFAT (Figure 11), RILI Y >
EYXIRERART ST 5L 2HEOBEREERT I ENMONT VS, RILTY
UEBERI0DHVWETIZELSETHREE. REHBEADOERMNGRIEIIHT BIG
EZETHY. 10255 607 < 5VWETITELSE IMIHERIGIE. ZTOXRMISEITNZ F1R
BAEICKH T BIEEDRETHD LN TS, (B)-32r &, FIERNEZESIZL Y AEKREN
CEIHBIUVENHELICRETBINHEREZ R L. EYbit, (B-32r FFE 114
RISzt L CERRMICHTRZR Lz, AERICEVWTHER YV RICEETBIORM
REBHonGMhof, CORERE. alB RETIVREZRAWHRIILTY VRERICET S
AR 1045 Zalicus D#FLEH NP118809 (14)F & U NP078585 (15) & FALNTHRET L 1=#%
R 162 CEHLUTIABTHY . (B-32r TEHDONEAILLVLF v RIVEEERIZED
WTERDREZHREBELTVWLSIDEEZ ONT,

E 512, 100 mg/kg #OFRSIZT, (A-32r (L5 [T HARMGICH L T 64%DHE VNIRRT
ZRUMRERLIZ—AT. (9-32r (L 34%DHEEDHR LRSI G >, HILEHD
EMFI/AY—LIZHTEIREHEDENEZEZDLEPK 7O 71 ILOEVHRESE
BHRDEVICEZLE-ID RSN,

oI
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A 200 - B 200

(sec)
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o
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Duration of behavior
o
)
T

Duration of behavior

*k%

0 - 0 -
Vehicle 10 30 100 Vehicle 10 30 100

(R-32r (mg/kg, it) (R-32r (mg/kg, it)

Figure 11. ¥ ORHRILT ) URERIZH(T5(R)-32r DFEIENR—S X (it bolus) I 5 NDERFE
TE~DEE (A) 2t (phase 1: 0-10 min) &Y (B) ##iE (phase 20 15-25 min)

The duration of nociceptive behaviors (lifting/licking time of the hindpaw) induced by subcutaneous injection of
2% formalin (20 pL) into the plantar surface of the hindpaw was measured. Each bar represents the mean =+
SEM of the duration of nociceptive behaviors (n = 6). “P <0.05 and **P <0.001, statistically significant compared

with vehicle-treated group (Dunnett’s test).

PREEMEFEET IV SNL ETIVIZE 1T 5H(R)-32r ORI T H3R £ 5H@ L 1=
(Figure 12), ZD#ER. (B)-32r FEOHRS5HF. 1 mgkg M5 10 mgkg F THEKRF
RIICEERESRZTR L. TD EDsofElE 2.5 mg/kg TH o1z D SNL ETILIZH TS
BRI T B3R BPEFYal RIET VX ZRALz SNL ETILITE [ BB HIE I
TEMRE—HBITHEDTH-T- 102, SNLETILIZHITHEBMEIEL. RIL<T) U
BRICEAY ME EHETEANIE, PHREREBREIIHT HIMFEICE>TELTLSID
EEZ DNz, TBIT(A)-32r X, 30 mgkg BORERFIC rotarod BRERICE WLVTETH
BOBLERDEMN STz —AT. RTIFRENBALSYVLFYRILVAETRTHS
ziconotide (8)1F, SNL ETLICE VW THEHBEMNRERT EDso fEE PREEASEEDTE
BMHZETT TDEEDREICIFEAET—DUNFELBVLI EAFESh TS L
mhio 2 BEELNRHLEZESFNEAILDDLF v RILEZEAIE ziconotide(8) & (TR
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Y., PREEMERZEH T ICHBREEEERBICH L TEENRERIET 52 LHAHEF
Ent-,
1.2

“e01.0
o1)]

208 1
e}
206
0.

/7]

04

<=
B

0.2

0.0 =
Normal Vehicle 1 3 10

(R-32r (mg/kg, po)

Figure 12. S5 k SNLETILZFRHWV=(R)-32r DEWHET O T4 ZT7~DHE
Each bar represents the mean + SEM withdrawal threshold of the hindpaw (n = 8). #*P <0.05, statistically
significant compared with non-operated side paw in vehicle-treated group (Normal) (Student's t-test). *P <0.05,
statistically significant compared with operated side paw in vehicle-treated group (Dunnett’s test). Closed
columns, operated side paw in drug-treated and vehicle-treated group. Open column, non-operated side paw in

vehicle-treated group.

ERH FZEFLHS

EFELIE. (9-22cDCYP2D6H & UBA4AEERADEBZH > TRERBEILET o=,
ZTORE. BKEDEBZENICT RS ERFASAYEX/ ) UCIHHIDBEREILEIT>T
CYP3A4MEEMAZERBL. NEALSHLF v RIILEERAZRIE L8208z, &
S51282fDT FSERFAAYX/ ) UDAVEVRADEBREZAIZDONTHEE LI
B. CYP2D6MEEE L1=32rx R L1z, CD32rOMITF U FAT—Z AR LI=FER.
(R)-32rFHEEEHEB/ETILICEVTROZSICTEDs = 2.5 mgkg® BiF 75 $87E %
BERLfz, FEIHMEOREGREEZTRTIURRILTY VRERIZEWT, (A)-32rDEE
PERFEEICEY BIMEREICx L TEERBICIGIZIRZRLI-C NG, HEREDIRE
FICHBEREBREICHT HMHFICEI>TELTVEIEDEEZ SNTz, (9-22e5&UV
(R)-32r(F., &b lTrotarod RERICE LW TIHREBER SRS NG, ol &h b, HA
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DNRHELEESFNEAILS D LTF v RILEEARIE. ziconotide (8) & IFEAY ., IR
BMERZH#DOL T ICERBRMRERET S ENIF SN,

FOE 2-{[CRA-2-erFOXITRENLITZ/}-1-[(19-8-A FF-1-
J2xZ)-3,4-oeraA VX ) 20H)-1L] )TR/ DDFER

F—H [FLC®HIC
FEZEITBWTEELGIL, (9-22¢ ® CYP2D6 £ & U A4 HEANFBEZBEIELTHE
EREILETL. (D-832r 2R LTz, (B-32r (ENEALSILF v RIILEERAZR
BLODRIFZE CYPSAAFAE 7O 774 I)LEH L TLVA, RIEZPFEED CYP2D6 fA
EEREZBEL TV, £ TELS CYP2D6 (HREEFADEBEZBiE L TR T #EE L 1=,
ETH CYP2D6 & U 3A4 [HEMRBD AT &
AMEICEITHBRHAOHER. (RA)-32r DELLBERBEILLICEL S CYP2D6 FHEERAD IS
IR THHEEZ DN, CORFIZBVTIE, TRSERBAYF/ 1YY C1 il
AVITOELELYIRELEREZEAL.CSRICEALL-ERELOMICEL S
RLGERFEICEDI T+ A—2a VD CYP2D6 BHEFHICHLTEDLSITE
Y HMNIREFFETHY . CYP2D6 HEFHEBOMFNZ SN, TIT. 22
DO ClLEICS Y AANF VN EZZ L TEEBERBLEZRHNT S L L LT, HIEDH
kY 22c DIEBMZERBE ST S & TCYPAABHEEHZREE L I-ILEYMDEEMT
BETHLIEEZONTT=®. cLog D4 ZHKMEDIEREE LTEEMERDE FOFS D
AT UIIEDOEBRERE LTz, oI, EELIE CYP2D6 [HERB BRI E L THI
ERET FSERFAMYFR/ Y ODAVEVRADEREBAICOVTRET S L L
Lizo EMBRI)—=2 T D1z(1.9-45a & 45d NI T AT LAREMELT
i L1z. 8D, STATLAREMEELEEEET A VT —LDMIT in vitro FEIHE
FHMTOTFAILICKEGBENGZ NI LIE. 40a £(1.9-40a 1Tk > THER L=,

E=H TrSERFAAVX/ ) UFEEDER

ThSEROAYX/ ) UFERE Scheme 4 ITRT &S ITAERM LIz, HERER#I OO
TEF7IF (25a-26e) 7 IVERIGESEAHIETT RIS ERAMY X/ ) UEEER
{K(37-39, 40a—40e, BE LU 41-43) & 1§ 1=, XZFEML (19-40a (&, (1.9-25a% &
QR-1-72/-2-70/)/ —LOBBRRGICKYER L. T RSEROAYX/ YU
B{K(40f-40p, 45b, 45¢c, (1.9-45d, HL V1 R-45d)(E. MEFT ST LS EFASYFX/
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1) 2(24f-24p, 44b, 44c, (9-44d, B L V(R)- 44D LY 7 VILERTZENIZHEL 7ILFIL
D 2 TRRICTER Lz AFE MR (1.9-45a (L. HRD(1.9-31j & YEFE L 1-.(9-44d
D IIRILZIE,. ZOEMPEAETHS(19-55 2T VCD (FHAZGYE) HtE%E
AWM ET>TRELE 4, Y007 72 K (25b-25e) &T S ERAAY
¥/ 1) v (24f-24p, 44D, 44c, (9-44d, B LV (R)-44DFERBROIIRT ERBICTERML
f=o
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16 16

R R
NN e s TSN
0o 44%—69% o 37-39, 40a, 41-43 (from 25a)
40b-40e (from 25b-25¢€)
25a:R'=H A‘/ AN
25b: R! = 7-Et 37:R'=H,R*= AE | 40d: R' =6-CN,R* = H/\é/H
25¢: R11= 7-1Pr /\ /4
25d: R1 =6-CN 38:R'=H,R’= ”/Y\ 40e: R'=7-CN, R? = H/\‘/
25e: R" =7-CN OH A OH
. A~
39ZR1=H,R2=/<N/\/\ 41:R'=H,R*=" N T
OH OH
HO

40a:R'=H,R*= /\N
2 H/\O(H 42:R1=H,R2:/<N/\'<
H

40b: R' = 7-Et, R® =/<”/\‘/ HO
Lo e R1=H,RZ—/<:?\)\
40c:R' =7-Pr, RO = N Y N
OH

5 5
7 E—— 7
N 20%—97% 5T TO(\N/\O/H

24f: R' = cyclohexyl, R?=5F 40f: R' = cyclohexyl, R’=5F
24g: R' = cyclohexyl, R = 5-MeO 40g: R' = cyclohexyl, R* = 5-MeO
24h: R' = cyclohexyl, R*=6F 40h: R' = cyclohexyl, R*=6F
24i: R' = cyclohexyl, R®=6-Me 40i: R' = cyclohexyl, R®=6-Me

24j: R' = cyclohexyl, R?=6-MeO
24k: R' = cyclohexyl, R* = 6-CONH,
241: R' = cyclohexyl, R*=17F

24m: R' = cyclohexyl, R* = 7-Me
24n:R'= cyclohexyl, R® = 7-MeO
240: R' = cyclohexyl, R® = 8-F

24p: R' = cyclohexyl, R?=8MeO
(9-31j: R' = (19-phenyl, R* =H
44b: R' = phenyl, R> =8-F

44c: R' = phenyl, R* = 8-Me
(9-44d: R' = (19-phenyl, R” =8-MeO

40j: R' = cyclohexyl, R?=6-MeO
40k: R' = cyclohexyl, R* = 6-CONH,
401: R' = cyclohexyl, R*=7F

40m: R'= cyclohexyl, R®=7-Me
40n:R'= cyclohexyl, R®=7-MeO
400: R' = cyclohexyl, R* = 8-F

40p: R' = cyclohexyl, R*=8MeO
(19-45a: R' = (19-phenyl, R* =H
45b: R' = phenyl, R* = 8-F

45¢: R'= phenyl, R? =8Me
(19-45d: R' = (1.9-phenyl, R* =8MeO

(R)-44d: R'= (1R)-phenyl, R> =8MeO (1R)-45d: R' = (1R)-phenyl, R®> = 8-MeO

Scheme 4. 1- 7 AANF VLB LUV 1- 7z ZAT S ERFOAMY X/ ) OFEERDE
X
Reagents and conditions: (a) amine, K,CO,, MeCN, 60 °C, 3 h; (b) chloroacetyl chloride, sat.

NaHCO AcOEt, rt, 1 h.

3aq.

40



FE FETME S ERE

a) FIBFHME AL

NE#AILDDLFv3I)LVEEEAE. IMR-32 £ ~##ESFHafEMa%E AL FLIPR 7 v
A 12K YERE L7z (Table 13), £ DR, nitrendipine #FAWVT LB ALY LF ¥R
IWEBRE LR, MEEZIRERIL. vORARILT ) VHERE I AEICx T 2HIFZIRIZT
i LTzo WS ODDIEEMIZOVTIE, HAEB L L TAMMC AT CYP2D6 IS
xt9 HPAEFEMZ M L 1=, CYP3A4 FEEEMIC DLV TIE, midazolam # TA—J£H
ELTHWAZ ETHH#MAEEEEE (TL1oFar—23 08 L0) BLUBRIKE
RIGEEEE (1 >oF 22— 32 30 2&EFM) Z5FEL =,

b) #EEEMAEE 1

&M 22 ERDE FOF L2/ OANFVUEZE FOF O OAFILECEM L 1= 37
(T, 22 [CEERTH2ENBEAL SV LF v RIVEEEANEEL-. EFOXITF
LT 2 (38,39)%E FEFLTOELT = (40a, ADNDEHRI(E, 22¢ [THRT 215
25BNEEAILYYLF v RIILAEERAIETE L=, BUKEDELY 42 (X, 38041 & [F
FERFEDONBEALSILFvRILBEERATH o1z £ 53 —DDBEKMEILEY 43
$ 22 ITHRBEPONEANSVLF v RIIVEEERANEB L. CNOoDFEREL Y.
COWMADBHKEE NBEALSDLF v RILVEBEERICIEEREN G EATI o1,
BNTCALDIEEHDOTIRFRILT Y VRBREIBICHT SMEEZXBIEAEIMMEL
o ILEY ST IIMBEZIBRIERAERIGI Tz, LEMBBHLU3IIZTDONTIE, 5B
WEREZBRERZRIDATH 1=, LEY 41 IMEREZBERZRIGM o 1=h
40a B F V42 [FHEELGHAEEZBERERLZ, (LAY 43 (X, 40a XU 42
[CEEARDPBNRBREZRBIEATH -1

CYP2D6 FHEFMHIZ DV TIX. ChFETOREEFR, BUKEE OHEBEMEIEHOENGD
DTH>T=, BL. 1LEW 38,40a B&L U 41 & WL > BKEDELMEEIE. 22¢ [T
NTORFEENFEB Lz, —ATHEKEDTEL 42 £ 43 [FENLGAETFEEZ R LT,
CYP3A4 [HEEME(E. CYP2D6 FAEEM & (FRAGY HHEEBKMYEE DHEEMENRD S
nifzo BUKMEATMN 5722 & T 38 & U 39 (cLogDr.4 = 2.60) [XBEREK R4 HE £ A
¥ 22¢ (cLogD7.4=3.48)ICHEARHE LTz, 38 LU 39 TR S SICTHKENATA - 1=
40a £ £ U 41(cLogD7.4 = 2.53) [T RIF A A H I E &L VR RHIIKFHAEEEEZR LT,
— AT 22 &Y LBEKEDE L 42 3 KU 43 (cLogD74>3.7) (& 22¢ £ LERTHELRE
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TJO77M4ILDEILLERLE, 863 5E. CR-ERFOXTTOELTI/EEZHTS
40a M ZFEFFELWLVTOT7AILEEBL TV, SHIT, XEFMEL(19-40a X, 40a
EIFIEFREZE®D in vitro 7AT7 74 ILERL. invivo MEEZA/EAIX. 40a LY H58H

TRFELDTH 1=,
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Table 13. 1- 2 OAF VLT S E RO YR/ Y VFEERONEAIL DD LF v RIL
BAEVEA. CYP2D6E & UCYP3A4REERA~DEE

CYP3A4b
N Formalin
N-type Preincubation
\g/\f test CYP2D6
FLIPR time cLogDr.4¢
%inhibitiona  ICso (uM)
ICso (uM)
Omin 30 min
Compound No.
OH
22 ﬁ@ 0.77 62 0.78 86%  61% 3.48
37 ;\ﬁA‘/ 1.7 7.7 N.T. N.T. N.T. 2.94
OH
A
38 ﬂ/\CA)/H\ 15 19 1.0 87%  88%  2.60
A
39 ﬁ/\O/H\ 1.9 27 <0.3 81%  83% 2.60
A
40a N I 2.0 39 1.1 92%  95% 2.53
A
a1 H/\O/H 1.5 0 1.6 96%  91%  2.53
HO__
42 L 1.4 40 0.068 65%  33% 3.77
K
HO\
43 /\N&)\ 1.1 32 0.044 69%  46% 3.80
H
N.
T,
1.7 55 1.4 105%  87% 2.53
(1.9-40a

aat 100 mg/kg p.o. P Residual activities (%) of HLM were evaluated using midazolam as a probe substrate. ¢

cLogD values at pH 7.4 were calculated with ACD/PhysChem Batch (version 12.01).
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c) HEEMEMERA 2

MNT40a 2T TL—FELTT RS EROBA YR/ YDAV EVREBA~DER
HEAZHET LTz (Table14), TS ERFAAMYF/ )V CORNTVREZEALL:
40f X NBANL D DLF v RIILBEERZRALESELLOD. A X OEZEALL:

40g (. NEAL DD LF v RIVEEFFHICEEN LM o1, (LEW 40 B XU 40g [
& 12 CYP3A4 [T T B BFEHRFHIGEEEMAN 40a L Yk Lo, T b5 E FOA
VYx /) CeNEMEZEA LT-EE&1(40h, 401, 40j, 40d, LU 40D HTIE,

TI9RAKRAOhDPREBRFENBALSYVLF v RILAEEFEZRLIZ, 7 /K 40d

PHAILNEA IR 40k & VNS F=FKEEBRED C6 ADBARINEOILLDLF v 1
IVHEEEOREBMNEKEL =L L, ThZERAMYX/ YU CoIZT vRER
540 BLUA X IEEFT S 40j (L& (2 40a RERIZEE LU CYP3A4 [HEE

IO 74 ILERLIz, TS ERAMYF/ )Y CTRADBEBREBAIL, 7vkR
E401B LUV T/ E40e USMILERBONE AL O D LAF v RILEEFEZER LT,
BICTFILEZET D400 FARBRFAP TREBONBE DLV LF v RILVEEFEZ R
Ltzo LOLAEDNS, CTHRICBREEZET 21LEM. LYDTHKEDEWTILFILE
#aE %+ D 40b (cLogD7.4=3.63)$ & U 40c (cLogD7.4= 3.29)I&. CYP3A4 IZxt9 5 B5fE
KFRGEEEADN 22¢ KYBLS LTz, 824 FFIR40p I, 8T vHREK 400 &Y D
BUONEDILYDLF v RIIVEEEEZ R LT-.8 4 FF 4K 40p (cLogD7.4= 3.07I&,

BKEDE S D=OICAHEMNE & VEREIERERNL CYP3A4BEEFMA 40a [TEERELLL
f=o NEAILD D LF v )LIAFFMEICHE L TRFEARICITAEZEEFTEMREE X GH
D2 LA LGEAL B NEAL DI LF v RILAEEEZTRTIEEY (ICs50 <2 uM)

(%8 BEEDBKME(cLogD74>2.3)%H L T =,

CYP2D6 FHEFMHIZ DL TIE, FHELEYH 7-4 FF 4K 40n & 84 FF 4K 40p I
BVWTHBERAIERE SN, T4 FF K 40n (£, 40a [THEA 3 FLLEFEMAREEE L
f=o EBIT, 8 A FF K 40p [F. KARICE TSR THO CTHELFEHDORB LR
Ltz (ICs0=30.3 uM) .
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Table 14. 1- 9 AAF VLT S ERFOAM YT/ Y ODRUEVERHSP~ADEBREE
AZEBNEAILL I LF v ILBEEER. CYP2D6E K UCYP3A4REERADEE

R (Compound No.) N-type CYP2D6 CYP3A42

FLIPR ICs0 (uM) preincubation time cLogD7.4®

ICso (M) 0 min 30 min
H(40a) 2.0 1.1 92% 95% 2.53
5-F (401) 1.2 <0.39 95% 49% 2.34
5-MeO (40g) 2.0 <0.78 107% 63% 3.08
6-F (40h) 1.6 1.6 92% 91% 2.71
6-Me (401 2.4 N.T. N.T. N.T. 2.96
6-MeO (40j) 1.9 <0.78 93% 97% 2.72
6-CN (404) 3.1 N.T. N.T. N.T. 2.05
6-CONH: (40k) >10 N.T. N.T. N.T. 1.31
7-F (401) 2.3 1.3 109% 80% 2.39
7-Me (40m) 1.7 N.T. N.T. N.T. 3.12
7-Et (40b) 0.89 1.3 85% 65% 3.63
7-iPr (40c) 1.3 1.9 88% 43% 3.29
7-MeO (40n) 1.6 3.7 97% 83% 2.99
7-CN (40e) 2.6 N.T. N.T. N.T. 2.30
8-F (400) 2.5 N.T. N.T. N.T. 2.05
8-MeO (40p) 1.4 30.2 85% 58% 3.07

aResidual activities (%) of HLM were evaluated using midazolam as a probe substrate. b cLogD values at pH 7.4

were calculated with ACD/PhysChem Batch (version 12.01).
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d) #EEMEMEE 3

8- 4 hF 4K 40p &, CYP2D6 FAEEMIZH VT 40a LR THEELEBZRLIZLD
D, TOFVEHKEDT=HIZ CYPSA4HEERATO I 7/ )LIF 40a Y LE LT, £
CCRICE CYPRE/EFRADREZMIL S B IR ELLHRBEILEIT o - (Table 15),
BEEEICHITHBABFICRE SINTZ(9-32) (X, (9-22¢ LRIFEDRAGENEALI DL
FrRAEFEEET D, &512(9-32) [E. (9-22c AHEIZTF FSERASYF/ Y
Y ClEICERVEBREZEZR L. & YBKEMEL ((9-32) cLogDra=2.75 [Z3f L.
(9-22¢ cLogD7.4= 3.48) ,

Table 15. (9)-22¢H L UW(9-32iDONE A LS9 LF ¥ RILAEEA. CYP2D6E LU
CYP3A4PEEEH

N-type CYP3A4»

CYP2D6
Compound FLIPR Preincubation time  cLogD7.4®

ICs0 (uM)

ICso0 (uM) 0 min 30 min

OH
N
N
)
1.0 0.60 87% 67% 3.48

(9-22¢

WH
N/\O 1.0 <039  89% 8% 2.75

(9)-32j

aResidual activities (%) of HLM were evaluated using midazolam as a probe substrate. b cLogD values at pH 7.4

were calculated with ACD/PhysChem Batch (version 12.01).

CNET.BKEE CYP3AABETO 77 A IILABHLEENDHBAERL TV =2¢%EE
Z5EThRSEROAYX/ U CluZESy7OATUIIENMNS D ZJLEICEHL,
CSfIICEBMEZEAT A ETCYP2DE BELUSA4EEMERANDRELZMIIIED &
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NTEDHEEZ BN (Table 16), ML= C1ELICT =L EEZFT 5(19-45a [,
JMGTAHTRIERASMYFX/ ) U CLEICO I ANTUIEEHT 5(19-40a LN,
PONBALSYLF Y RLBAEFENEBELI-LOD. HFRY FEEFA in vitro
TAT7AINERLIz, CBELICT vREFZEALIILEY 45b (£, EUVBRKIEGL S
BISNEIEBONBEAL SO LF Y RIIVEEFEZR LIz, A FILEZEALLLELEY
45c HLERIC.BFENBEAL S DLF v RILBAEEFEERLIZ.8 4 FFIEDS 5,
ThSEROCYF/ )Y CLEA SOIKIEEZEFFD(19-45d (. FEKRQR)-45d &£
DIBRONEAILSDLF v RILVAETEEZRLEDEEE. 45¢c ERFEORFLELD
TdH o1z, 40p ELERTHKEMEWNCh o DIEEWIE, BifmAY RiF4 CYP3A4 IHE
o774V %ERLIz, CYP2D6 BAEEMIZBE L TIX, 87 vHRIK 45b TlE, #ULVAE
ERETRLIZZ DD .8 A F LK 45c(X(19-45a & V) £ 2SI LB ULVEEEETH o 1=,
T2, 84 FFIR(19-45d &, ELICHFEMENEER L, COIEIE, HLXDF
BIZELS—HITEHLDOTHY . TrZEFAAYF/ YD CLELE CEIUDEBREIZK >
TEIERIINDIIARRFKICKDI U T+ A—2 3 UFEH CYP2D6 [HERBFIZKE
BEEFE5EZ-DEEZONT-,
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Table 16. 8-BT S E FOA Y X/ ) VEFEEERDONEHILY D LF v RIILEEEH.
CYP2D6# &K UCYP3A4BEEER

L
1 \H/\H/Y
O OH

C

CYP3A42
N-type
CYP2D6 Preincubation
R (Compound No.) FLIPR cLogD7.4b
ICs0 (uM) time
ICs0 (uM)

0 min 30 min

LI
N
T
O 2.4 2.2 98% 94% 1.80

(19-45a
R = F (45b) 1.0 1.3 103% 95% 1.33
R = Me (45¢) 1.3 5.6 100% 89% 2.14

N
H  oH
1.4 >50 94% 90% 2.35
(1.9-45d
N
N
O © © OH 3.3 17.9 110% 91% 2.35

(1R)-45d

a Residual activities (%) of HLM were evaluated using midazolam as a probe substrate. P cLogD

values at pH 7.4 were calculated with ACD/PhysChem Batch (version 12.01).
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e) (19-45dDTRT7 A1y

CYP2D6& &K UBAAAEFRZ L HICEBL-(19-45dICD2WN\TEH4HTAT7A Y
25 %4721z (Table 17), (19-45dix. CYP1A2, 2C9, 2C19I=x ¥ 2 EEEM XL T
L RIGEDN D2 hERGE LK ULE AL D LF ¥ RILADOEETFMICIK L TIE+577%E
RESNHEZ Mot EHIT, EMFEII/OV—LICHT HAREMIX. J—FiE
B(9-22cDHI5ERTE TH > 1=(CL 223.4 mI/min/kglZxt L. 45.9 ml/min/kg),

Table 17. (19-45d OCYP, hERGHE L ULE AL OO LF v RILIZH T HEEER

hERG L-type
CYP1A2 CYP2C9 CYP2C19
Compound ICso FLIPR
ICs0(uM)  ICs0(uM)  ICs0(uM)
(uM) ICso0 (uM)

>50 >50 >50 >100 >10

(1.9-45d

(19-45d [TV RARILT ) VEHERICH VT 100 mg/kg BAKEICTE HARIGICRL
T TT%DRVMIBEEZENREZRLI-, E5I2, SNLETLICE T H2EHMRIRICHT S
R ZEFM L #ER. (1.9-45d [X 0.3 mg/kg A5 10 mg/kg ROHR S FE THEKREN
[CEFBEMEETRL. TD EDsofEIE 2.8 mg/kg THo71= (Figure 13),
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O
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|

Normal Vehicle 0.3 1 3 10

(19)-45d (mg/kg, po)

Figure 13. v b SNLETIILEBAWL=(1.9-45d DEWET O T 1 —Z7~DHE
Each bar represents the mean = SEM withdrawal threshold of the hindpaw (n=8). WP <0.001, statistically
significant compared with normal group (Student's t-test). ***P <0.001, statistically significant compared with
the vehicle-treated group (Dunnett’s test). Closed columns, operated side paw in the drug-treated and

vehicle-treated group. Open column, non-operated side paw in the vehicle-treated group.

f) CYP2D6 [HEMERAREEICDONTDER

CYP2D6 FHEHITH S 10-2-[CR-1- A FILER) D22 LI ZFIJL}-2(A FILRIL T
7ZIVI0H T/ FT7OURTDIE. TOHER X REEMTOMER © & YALESH
EIXELG DY A T CYP2D6 EHEMEALTVS I ENMBNTINS, (19-45d A
CYP2D6 PHEMEE L-EHICTOWTEET HEMT. FBEEFREEAL0QY945a &
CYP2D6 @ Ky ¥ > %1To1= (Figure 14),
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Figure 14a. (1945a D Ky ¥ JE— FHELUE b CYP2D6 & RTZ DX fEREE

Only the hetero molecules in the binding site are shown for clarity with the atoms colored as nitrogen - blue,
oxygen - red, Fe - light blue, and carbon - white or green. The wall of the binding site is represented as a blue
dotted surface and waters kept in the docking study are shown as red spheres. White carbon: RTZ and heme in
the crystal structure of human CYP2D6 (PDB ID: 3TBG). Green carbon: Docked conformation of (1.9-45a.

(1.9-45a and RTZ occupied the same site, with aromatic and basic features in common position.
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Figure 14b. (19-45a M Ky £ U5 E—FIZB L TE F CYP2D6 BE L DRI TEHESL
T-tHE/EA

(19-45a is depicted as ball-and-stick model with the same color scheme as Figure 14a. Three hydrogen bonds
(light blue rod) and many hydrophobic interactions (green: donor-m, orange: -1, and yellow: van der Waals,
indicated by Scorpion) are observed between (19-45a and CYP2D6, which support its potent inhibition of
CYP2D6. Both Figure 14a and 14b were created using MOE 2013.

(19-45a DT FSEROSYX/ YDRUVEVREAE LU CLED T = Z)LEIL,
RIZD7z/FT7OUVREERYESTHEY., (19-45a & RTZ DIEEMA L L HIC
Asp30l LIEREFHA L Tz, 0 Asp30t EDFEERIEZ < D CYP2D6 FHEHITHE
EINTWSABWYLEEERATH S 36, £12(19-45a DKEEEIEL, Serso+ DKEEEET
DEKRFHEEBR LTV, S512(19-45a X, £ DESHINHEEERELTLS
Phetss & { BKMEREERZRE L TULV -, #1124, Phel20, Leul?!, Leu213, Glu216,
Leu24s, Alaso0 &~ QB EFAMNER S i=, Phel20, Glu216, Phetss EHEBEER L TLVS
(19452 DT FSERFAA YT/ ) ODRUVEVREBADRT v ME, A€ VBRSNS
[ZKEARICEBNLEN>TEY., RVEVREANDEBREEANHFBTEINDSZHIF
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HI 5, SEOBEATIE. TrZERFAAMYT/ Y2 CBEUADA FFIEBALUSND
EMEEATIE, BEL CYP2D6 REANDEE IR oG o=, FyF U THITIE
COHRRZRCHBALTLS, —AT. C8EADA FFLEDBAIZK S CYP2D6 [H
EANDEEICODVTIIUTOLSITERE LT,

Thbhb, TrIEFAMYF/ YU CLED T x Z)LEFEIL Sersos 5 Leu2l3 [Tk >
THRENDRT Y RMIZIRE-LTWS, TORTY METZzZILEDEEAR LTI
Ser3ot & Lew2B M ZENETNFET 5126, 7= )LEDEBEARICK L TLEMIEL 4
S2TW3, ThbE, TrIERAMYF/ YD ECIED T ZIILEDZDOFAEM
Y ZEmAHN CYP2D6 L DHEERICEETHASZENTEENDS, COETILITET
%(19-45a D_EAIL, 1148ETH>f=, £CAHT. ThZERAMYF/ Y ECL
FOTIZLEOZOOFELNRT —EAIE. RREIVIA A= 3 VITHIT5MIE
EYMDLENS 84 X EDFEICE T 15 EREERLLI LMD o1 (145.8
vs. 130.2 ) 46, KD Py XU THBITOBREMETEZD L. (19-45a D C8 Ll A
PRI BEFEALLIETCILUED I T LELOMICIAREZEL. TRIEFR
AMYX/ ) OECIHMD T T ZIIEDZDDOFEANRT —EANELLI-CET, 7
T ZJLEAD Serstd & Leuw?B[CK > T EN DRy v MIRFELLHLLZY . (19-45d Y
CYP2D6 [HEZREGL o3 DEEZ T,

CNETIZE Plizer DAREOHREL TLD LI LGARAVEVIREDEBREZ AL
EYOBKERBD & 5 ZFRAICE DLz CYP2D6 FAEEEICDOLT L DA DR
ENFET H3637, —AT. CAoDBRAICEDSW 7 TA—FALEF LML,
HHWNIEEHO ADMET FO T 7ML EDREIEZEELIIGEIC. ChoD7 7O—
FHRBERATELVEDZEICIE, CYP2D6 BERDRYT v AFEEICKE S AEEICED
=OZOEEFEEEESEORFDOL S ICHEEICREL LD LGRS, SE, ERHT
FHEZLDDRFRYFVITDFEREIELDERLGREEE5A-. ChETDETA
CYP2D6 [AEICBIT 2HMRIZR SN TH Y. non-heme binder & £  CYP2D6 £ X
RIERBEMTOMELAERD RTZ (H T 2BFTDHTHD, CYP2D6 BHRDKRT v
FAERBICKECABEICEO S L Z2ZEANIE. CYP2D6 AERINFEE T 54 It
2:HBETTHY. Bhd CYP2D6 OHEEILEMAENLEEND,
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ERET FWEEFLELH T

EEHLIXZ. BEY— FEE®W(9-22cDCYP2D6FE & UBA4MAEEREIE I > THER
BILZEITo1=. TOBE. BE=FITH T D5 & Y CYP2DAEMEADRBD =HIZIE.
TrZERAAMYFR/ ) VCIEIZKELEREZRIVENTE SN, £ 2 TCLIIC
DOANTUNREER LREILEIT oz, £ . CYP3A4REEMEIE D - HERKIED
ERZEMICEROE FAF 2/ OANFIILEDOERET>TCR-EFAXS TO
ELT7S/EZHT 54007 R L1=, {£EW40aDCYP2D6AEFRDERZBIEL .
TrIERFABSIYFR/YODRUEVBRBA~OBREZAZRIFLIBER, THIE
FOAYF/ 1) UC8EANA FXIEZEALT-40pACYP2D6HEEFMDIEELBE %
LTz (ICs0=30.3uM), LA L7AEAS40pld, BEREBAD-OICEHKEMNERL.
CYP3A4MHEMEAZE LT, TITHBKBERZRS=®. TrZEFOMYX/ Y
CHID L7 AONFUNEET T ZIILEIZEHLI-E T 5, CYP2D6E & FCYP3A4EE
ERANG . NBEALS D LF v RBEERZERT 2ILEWA9-456d%{H EITH
L1z, (19-45a&CYP2D6ED Ky F UV BITDFEREY. Th>EFAAYX/ Y
DCSHLIZA FFVEFEAL(19-45d(F, A FFIEECIHHED T = = )LE L DRI
AKREZELTFSERFOAMYX/ ) D ECIHID T ZLEDZDOFEINKT ZE
ANEIL L= & TCYP2D6DRy y MIRFESLELS LY REEANEL G123 D
EEZ NI, CYPHHEEANG K hERGE L UVLE ALY I LF ¥ RIL~DEEFMS
23t L THRARIRMEEFT 5(19-45d1F, #EEFHEBETILICSVLTROKSIC
TEDso = 2.8 mg/kgM RIFGEFBHREZTR L=,
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FRhE #BiE

N B AL L™ LF v RILIAEH ziconotide () DEEFEEE L TOEMITTE L.
ziconotide (8) DR T & D EEMHIR A DB OHRMEEMEADOBBEZLZRRL 5 5511
HESFRONEAL S DLF v RIVEEHORIEZBIE L THEEIT oM. TORE.
FELIFRLESFROBSHELTTFSEROAYX/ Y UFEERERB LT,
hTH, 24[CR2-E FEXLTOENIT I /1-[198 A FFI-1-T2Z)L-34-Dk
Faavx/ ) o20H)-ANL])ITE /2 (19-45d &, LA D LF v RILEERE
F. hERG [BEEAS LU CYP AEMER L Lo EEABREN L <. HREEEHER
ETLICEVWTEOBRSICTRIFLGERNRE R L., F—EANLEMEINIT TR
REFHBLTERLD, KEIZTBVLWTIh L EZHRIFELZL,

F—ETHE, BRE LTAMROERLELG D, HEEEHEREOHN. BAGEE NE
AN LF v RIVERE I URTF FEERMBEEE ziconotide (8), EHF N & A
WO LF v R )VEERIHDETHARIZONTEAT=,

F_BETR, PRAT7RAARLEVIYFHICRHEEA T FSEFAIY X/ Y UE
BERTDRAGNEDIL D) LF v 1 ILEEHI22a0EEEHRE4T > T, hERGIEEE
RIZx L THI00EDRIREZE T H8EL ) — FMea®m09-(1-o o anFo)L-34-D
EROAYEX/ Y 200H)-4L)21-EFRXS SO ONFIUIVNAFIITI/ITAE
/Y (9-22c%BDTEICHM LT, (9-22cld. KRMEHBESHEBEBETILTHD
SNLETIILZHENTEOBEIZT3 mgkgk YR ETRL =32,

FEZETHE, BIZEICESVWTRE Lz — FMEEW22cDCYP2D6E & UBA4IREERADIRE
FEH->THREREILLZIT o=, BKEERZBEMICTFSERFACY X/ ) UCLHELD
BERELETL. 270 FILENSA Y TOELEAOERICE>TNE ALY
DLF v RIEEEAEREFELDDOCYPIAMBEMEALZERT SN TEZ, THIC
BoN=326DT FSERAAYF/ YLDRVEVREADBREEA DTS
L. CYP2D6RAEMEAMNETE Lz2-{{(1-E FEX 229 O0AF VIV AFILT =
J3AR-1-4VTBEL-6-X FXP-34-DEFAAYFX/ Y20H)-1IVTE /) Y
(R-32r& R L=, (B)-32rlFSNLEF/ILIZHE TR OKZSIZTEDs = 2.5 mg/kg® BiF
REREHRER LI,

FEEETIE. BEY— FMEE%22cDCYP2D6H & USA4EEADREIEZH > THEER
BlLEiTof=. BEZRITHEITARF LY., TrIERFAAYF/ Y UCHIIZTA VY TRE
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WEZZRLI-FFETCCYP2DHEMERAZELICHBEIELSIZ LT, R#EETHLHLSICE
ifz, T CHIICA YV TAELELY L REFLEBREZEAL. C8IIZEALLE
BELOMICELCAUIARNEBRFEICLDa2 T+ A—2 3 VERMNCYP2DEAEFHEIC
HLTEDKSICEET HMNEIRRFEETHY . CYP2D6IHEFMHBBOIAFNE S
Nf, TITTRIERFABAYXT/ JOCHIIZO I BAZTVLEEEL TRBELEITH
f=o 9. CYPAAHEEHRBO-OHKEDERZBMICEROE FOX2 o0
AXVIIEOEREZTLD., QR-EFAXFLTOELT I/ EEZHFT H40a7RH LT,
EE¥40aDCYP2D6EEEADEBZHIEL. TR EFOAMYXR/ DRV EY
REBADP~DEREBAZRE LI-HER, C8AA X EZEAL40pARHARICH
(T 5 RE THOH TCYP2D6EEEMEDHEFHBETR LIz, LM LAEAS40plE. BRK
HEAER L 1-OICCYP3A4BAEERAEZ R LT zs T CTHKHMEREZRS=6H. C1HLD
DOANFUNEEF T DLEICERLIZE Z A, CYP2D6E &K UCYP3A4IREERAA
BANBEALDYLF v RVEEERAZET 52-{QR-2-E FOFLTOEL]IT =

/3 1-[19-8A FF-1- Tz )34 CEROAYX/ Y20H)-ANL])ITH I >
(19-45d% BT &M TEFz, (1.9-45d1F. SNLETILIZE WV TEOESIZTEDs =
2.8 mg/kgD RF L EBHRE R L1147,

UERARTELELSIC, EELIE. RTFFE N B#ALIILFYRILVBEEETHD
ziconotide (8)DIEFEMEIZEE L ziconotide (8)DHT ZEBNMIR L - HiRMEHEE
MAEBORIREZRE L THEZT T, BALEMERU RV ZERBSELFRNEHL
OOLF Y RIBAEE 2-{2R-2-E FAXSTOENL]TE/}-1-[(19-8 4 FF-1-7
IZI-834-DE RAA VX Y U20H- A4V VTR /Y (19-45d ZRHET I LITHD
L7

56



SRERDER

Chemistry
General

All reactions were carried out using commercially available reagents and solvents
without further purification. Column chromatography was performed using a silica
gel cartridge Shoko Scientific SI series on a Shoko Scientific Purif-a2. 'TH NMR
spectra were recorded on a JNM-EX400 spectrometer. Chemical shifts are expressed
in Sunits (ppm) using tetramethylsilane as an internal standard. Abbreviations used
for the signal patterns are as follows: s, singlet; d, doublet; t, triplet; q, quartet; sep.,
septet; m, multiplet; and br, broad. Mass spectra were recorded on a JEOL LX-2000
or Waters ZQ-2000 mass spectrometer. Elemental analysis was conducted using a
Yanaco MT-5 microanalyzer. HPLC analysis was performed using a Daicel OD-H
chiral column on a Hitachi HPLC system (L-7000 series), equipped with a UV source
(210 nm or 230 nm), utilizing hexane/ethanol/diethylamine as an eluent. Specific

rotations were measured using a HORIBA SEPA-300 polarimeter.

B-=
2-(Chloroacetyl)-1-cyclohexyl-1, 2, 3, 4-tetrahydroisoquinoline (25a)

To a solution of 1-cyclohexyl-1,2,3,4-tetrahydroisoquinoline hydrochloride (24a)
(14.63 g) in ethyl acetate (90 mL) and saturated aqueous sodium bicarbonate (85 mL)
was added dropwise a solution of chloroacetyl chloride (5.95 mL) in ethyl acetate (10
mL) under 4 °C, and the reaction mixture was stirred at room temperature for 1 hour.
The reaction mixture was diluted with water, extracted with ethyl acetate, dried over
magnesium sulfate and then concentrated in vacuo. The residue was washed with
cyclohexane to give the title compound 25a (19.50 g, 98%) as a white solid. 'H NMR
(400 MHz, CDCl3): This compound exists as a pair of rotamers at room temperature.
§0.94-1.30 (5H, m), 1.51-1.92 (6H, m), 2.87-3.13 (2H, m), 3.33-3.43 (minor rotamer,
2H, m), 3.72-3.88 (2H, m), 4.05-4.19 (2H, m), 4.23 (minor rotamer 1H, d, J= 12.0 Hz),

4.32 (minor rotamer, 2H, d, J = 8.0 Hz), 4.34-4.43 (minor rotamer, 1H, m), 5.27

57



(major rotamer, 1H, J = 8.0 Hz), 7.04—7.08 (minor rotamer, 1H, m), 7.09—7.23 (4H,
m); FAB MS m/z292 [M+H]*.

1-(1-Cyclohexyl-3,4-dihydroisoquinolin-2(1 H)-y1)-2-{[2-(2-methoxyphenyl)ethyl]amin
ofethanone oxalate (22a)

To a solution of compound 25a (2.47 g) in chloroform (50 mL) was added N,
N-diisopropylethylamine (3.77 mL) and [2-(2-methoxyphenylethyllamine (6.40 g)
and the mixture was heated under reflux for 2 days. The reaction mixture was
diluted with water, extracted with chloroform, washed with brine, dried over
magnesium sulfate and then concentrated in vacuo. The resulting residue was
purified by silica gel column chromatography, eluting with chloroform—ethanol—
aqueous ammonia to give a colorless oil (2.98 g). The oil was dissolved in ethyl
acetate (20 mL) and ethanol (3 mL). Oxalic acid (660 mg) was then added to the
solution. The precipitate was filtered off to obtain the title compound 22a as a
colorless solid (3.37 g, 80%). 'H NMR (400 MHz, DMSO-ds): This compound exists as
a pair of rotamers at room temperature. §0.98-1.20 (5H, m) 1.46-1.77 (6H, m), 2.82—
3.20 (5H, m), 3.28-3.40 (minor rotamer, 1H, m), 3.52—3.72 (major rotamer, 2H, m),
3.78 (3H, s), 3.94-4.14 (1H, m), 4.16-4.26 (1H, m), 4.30 (minor rotamer, 1H, d, J=
10.0 Hz), 5.11 (major rotamer, 1H, d, /= 9.2 Hz), 6.90 (1H, t, J= 8.0 Hz), 6.99 (1H, d,
J = 7.6 Hz), 7.08-7.28 (6H, m); FAB MS m/z 407 [M+H]*. Anal. Calcd for
C26H34N202 -C2H204: C, 67.72; H, 7.31; N, 5.64. Found: C, 67.44; H, 7.35; N, 5.62.

1-(1-Cyclohexyl-3,4-dihydroisoquinolin-2(1 H)-y1)-2-[(cyclohexylmethyl)amino]
ethanone fumarate (22b)

Compound 22b was synthesized using a protocol similar to that for compound 22a.
Compound 22b was obtained in 54% yield as a colorless solid. 1H NMR (400 MHz,
DMSO-db): This compound exists as a pair of rotamers at room temperature. §0.79—
1.27 (10H, m), 1.43-1.79 (12H, m), 2.44-2.60 (3H, m), 2.75-3.06 (2H, m), 3.22-3.35
(minor rotamer, 1H, m), 3.53-3.79 (3H, m), 3.84 (major rotamer, 1H, d, J= 18.4 Hz),

4.15-4.28 (minor rotamer, 1H, m), 4.41 (minor rotamer, 1H, d, J = 9.2 Hz), 5.12
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(major rotamer, 1H, d, /= 10.4 Hz), 6.51 (2H, s, fumaric acid), 7.01-7.32 (4H, m);

FAB MS m/z 369 [M+H]*.

1-(1-Cyclohexyl-3,4-dihydroisoquinolin-2(1 H)-y1)-2-{[(1-hydroxycyclohexyl)methylla
mino}ethanone oxalate (22c)

Compound 22¢ was synthesized using a protocol similar to that for compound 22a.
Compound 22c was obtained in 70% yield as a pale brown solid. 1H NMR (400 MHz,
DMSO-db): This compound exists as a pair of rotamers at room temperature. §0.92—
1.80 (21H, m), 2.74-3.07 (5H, m), 3.31-3.41 (minor rotamer, 1H, m), 3.51-3.63 (major
rotamer, 1H, m), 3.63—3.73 (major rotamer, 1H, m), 3.73-3.81 (minor rotamer, 1H, m),
3.92-4.04 (2H, m), 4.12 (1H, d, J = 1.6Hz), 4.15-4.26 (minor rotamer, 1H, m), 4.32
(minor rotamer, 1H, J = 8.0 Hz), 5.11 (major rotamer, 1H, d, J= 8.0 Hz), 7.08-7.28
(4H, m); FAB MS m/z 385 [M+H]*. Anal. Caled for C24H3sN202 C2H204: C, 65.80; H,
8.07; N, 5.90. Found: C, 65.45; H, 8.18; N, 5.85.

(1.9-(1-Cyclohexyl-3,4-dihydroisoquinolin-2(1 A)-yl)-2-{[(1-hydroxycyclohexyl)methyl
Jamino}ethanone oxalate ((.9)-22c)

Compound (9)-22¢ was synthesized using a protocol similar to that for compound
22¢, except that (1.9-cyclohexyl-1,2,3,4-tetrahydroisoquinoline3® was used as a
starting material. Compound (5)-22¢ was obtained in 69% yield as a colorless solid.

HPLC (Chiralpak OD-H [0.46 cm I.D. x 15 cml, hexane: ethanol: diethylamine =
80/20/0.1 flow rate 0.5 ml/min., column temp.: 40 °C, UV: 210 nm): retention time: ts
= 8.34 min (major), tr = 9.73 min (minor); 98.4% ee. FAB MS m/z 385 [M+H]+. Anal.
Caled for C24H3sN202 -C2H204: C, 65.80; H, 8.07; N, 5.90. Found: C, 65.75; H, 8.09; N,
5.90. [a]26p +10.8°(c = 0.1, MeOH).
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(1R)-(1-Cyclohexyl-3,4-dihydroisoquinolin-2(1 A)-yl)-2-{[(1-hydroxycyclohexyl)methyl
Jamino}ethanone oxalate ((%)-22c)

Compound (R)-22c was synthesized using a protocol similar to that for compound
22¢, except that (1A)-cyclohexyl-1,2,3,4-tetrahydroisoquinoline3® was used as a
starting material. Compound (£)-22¢ was obtained in 57% yield as a colorless solid.

HPLC (Chiralpak OD-H [0.46 cm I.D. x 15 cml, hexane: ethanol: diethylamine =
80/20/0.1 flow rate 0.5 ml/min., column temp.: 40 °C, UV: 210 nm): retention time: tr
= 9.73 min (major), ts = 8.34 min (minor); 98.3% ee. FAB MS m/z 385 [M+H]+. Anal.
Caled for C24H3sN202 -C2H204: C, 65.80; H, 8.07; N, 5.90. Found: C, 65.70; H, 8.11; N,
5.88. [a]26p —13.6°(c = 0.1, MeOH).

1-(1-Cyclohexyl-3,4-dihydroisoquinolin-2(1 H)-y1)-2-{[(1-hydroxycyclopentyl)methylla
mino}ethanone oxalate (22d)

Compound 22d was synthesized using a protocol similar to that for compound 22a.
Compound 22d was obtained in 78% yield as a colorless solid. 1H NMR (400 MHz,
DMSO-db): This compound exists as a pair of rotamers at room temperature. §0.96—
1.26 (5H, m), 1.46-1.82 (14H, m), 2.80-3.10 (4H, m), 3.21-4.66 (6H, m), 5.11 (major
rotamer 1H, d, /= 8.0 Hz), 7.14-7.23 (4H, m); FAB MS m/z 371 [M+H]*.

1-(1-Cyclohexyl-3,4-dihydroisoquinolin-2(1 H)-y1)-2-{[2-(1-hydroxycyclohexyl)ethylla
mino}ethanone oxalate (22f)

Compound 22f was synthesized using a protocol similar to that for compound 22a.
Compound 22f was obtained in 48% yield as a colorless solid. 'H NMR (400 MHz,
DMSO-db): This compound exists as a pair of rotamers at room temperature. §0.92—
1.84 (25H, m), 2.74-3.11 (4H, m), 3.30—3.40 (major rotamer, 1H, m), 3.53—3.73 (major
rotamer, 2H, m), 3.98-4.12 (1H, m), 4.14-4.26 (1H, m), 4.32 (minor rotamer, 1H, J=
9.4 Hz), 5.11 (major rotamer, 1H, d, J= 9.3 Hz), 7.08-7.23 (4H, m); FAB MS m/z 400
[M+2H]+.
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2-(1-Cyclohexyl-3,4-dihydroisoquinolin-2(1 A)-y1)-2-oxoethanamine (27)

To a solution of [(fert-butoxycarbonyl)aminolacetic acid (1.54 g and
4-methylmorpholine (2.2 mL) in methylene chloride (20 mL), was added pivaloyl
chloride (0.98 mL) under 5 °C. The reaction mixture was stirred at room temperature
for 30 minutes and then 1-cyclohexyl-1,2,3,4-tetrahydroisoquinoline hydrochloride
(24a) (1.00 g) was added to the reaction mixture at 4 °C. The reaction mixture was
stirred at room temperature for 14 hours. The reaction mixture was diluted with
water. The mixture was extracted with chloroform, washed with brine, dried over
magnesium sulfate and then concentrated in vacuo. The residue was purified by
column chromatography, eluting with chloroform—methanol to give tertbutyl
[2-(1-cyclohexyl-3,4-dihydroisoquinolin-2(1 H)-yl)-2-oxoethyllcarbamate (1.49 g 100%)
as a colorless oil;, ESI MS m/z 373 [M+H]*. To a solution of
tert-butyl[2-(1-cyclohexyl-3,4-dihydroisoquinolin-2(1 A)-yl)-2-oxoethyllcarbamate
(1.49 g) in ethyl acetate (20 mL) was added 4 M hydrogen chloride in ethyl acetate (3
mL) under 5 °C. The reaction mixture was stirred at 50 °C for 5 hours. Then, the
reaction solvent was concentrated in vacuo. Saturated aqueous sodium bicarbonate
was added to the residue and extracted with chloroform. The extract was washed
with brine and dried over magnesium sulfate. It was concentrated in vacuo and the
resulting residue was purified by silica gel column chromatography, eluting with
chloroform—methanol to give the title compound 27 (1.09 g, 99%) as a pale yellow oil.
1H NMR (400 MHz, DMSO-ds): This compound exists as a pair of rotamers at room
temperature. §0.92-1.29 (5H, m), 1.50-1.96 (6H, m), 2.23 (2H, brs), 2.82-3.12 (2H,
m), 3.29-3.71 (4H, m), 4.42—-4.51 (minor rotamer, 1H, m), 4.18 (minor rotamer, 1H, d,
J=12.0 Hz), 5.29 (major rotamer, 1H, d, /= 8.0 Hz), 7.00-7.05 (minor rotamer, 1H,
m), 7.07-7.25 (4H, m); ESI MS m/z 273 [M+H]*.

1-(1-Cyclohexyl-3,4-dihydroisoquinolin-2(1 A)-y])-2-{[(1-hydroxycycloheptyl) methylla
minojethanone oxalate (22e)
To a solution compound 27 (200 mg) in 2-propanol (2 mL) was added compound

2831 (139 mg) and it was refluxed for 15 hours. The reaction solvent was concentrated
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in vacuo. The residue was purified by silica gel column chromatography, eluting with
chloroform—methanol to afford a pale brown oil (89 mg). The oil was dissolved in
2-propanol (3 mL). Oxalic acid (22 mg) was added to the solution at 60 °C. The
mixture was evaporated to give the title compound 22e (72.2 mg, 20%) as a pale
brown solid. TH NMR (400 MHz, DMSO-ds): This compound exists as a pair of
rotamers at room temperature. §1.05-1.73 (23H, m), 2.76-3.06 (4H, m), 3.08-3.92
(2H, m), 4.01 (1H, d, J= 16.0 Hz), 4.08-4.26 (1H, m), 4.30 (1H, d, J= 8.0 Hz), 5.11
(major rotamer 1H, d, J= 8.0 Hz), 7.16-7.23 (4H, m); FAB MS m/z 399 [M+H]+.

B==
N-(2-Phenylethyl)tetrahydro-2 H-pyran-4-carboxamide (30b)

To a solution of 2-phenylethylamine (2.91 mL) and
tetrahydro-2 H-pyran-4-carboxylic acid (3.0 g) in dichloromethane (30 mL) and
N, N-dimethylformamide (15 mL) were added
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide =~ hydrochloride (4.42 g and
1-hydroxybenzotriazole (3.11 g). The mixture was stirred at room temperature for 1
day. The reaction mixture was diluted with water, extracted with chloroform, washed
with brine, and dried over magnesium sulfate. The resulting mixture was
concentrated in vacuo to give compound 30b (4.85 g, 90%) as a colorless solid. 'H
NMR (CDCls): §7.11-7.39 (5H, m), 5.46 (1H, brs), 3.92—4.04 (1H, m), 3.53 (2H, q, J=
6.7 Hz), 3.37 (2H, dt, J= 6.7, 12.8 Hz), 2.82 (2H, t, J= 6.8 Hz), 2.26 (sep. J= 5.0 Hz),
1.61-1.83 (m, 4H); APCI MS m/z 234 [M+H]".

2,2-Dimethyl- N-(2-phenylethyl)propanamide (30g)

To a solution of 2-phenylethylamine (17 mL) and potassium carbonate (37 g) in
ethyl acetate (80 mL) and water (150 ml) was added dropwise a solution of
2,2-dimethylpropanoyl chloride (16.3 g) in ethyl acetate (70 mL) at 4 °C. After
stirring at room temperature for 1.5 hours, the mixture was extracted with ethyl
acetate, washed with 1 M aqueous hydrochloric acid, and dried over magnesium

sulfate. The resulting mixture was concentrated in vacuo to give compound 30g (24.6
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g, 89%) as a pale yellow solid. 1TH NMR (DMSO-ds): 6§ 7.50 (1H, brs), 7.24-7.31 (2H,
m), 7.14-7.22 (3H, m), 3.20-3.29 (2H, m), 2.71 (2H, t, J= 7.1 Hz), 1.05 (9H, s); FAB
MS m/z 206 [M+H]*.

2-Ethyl- N(2-phenylethyl)butanamide (30h)

Compound 30h was synthesized in a manner similar to that for compound 30b.
Compound 30h was obtained at a yield of 76% as a colorless solid. 'H NMR (CDCls): &
7.27-7.36 (2H, m), 7.17-7.26 (3H, m), 5.42 (1H, brs), 3.56 (2H, q, /= 6.8 Hz), 2.83 (2H,
t, J=6.9 Hz), 1.71-1.81 (1H, m), 1.51-1.65 (2H, m), 1.37-1.49 (2H, m), 0.85 (6H, t, J
= 7.4 Hz); ESI MS m/z 220 [M+H]*.

2-Methyl- N-[2-(2-methylphenyl)ethyl]lpropanamide (30k)

Compound 30k was synthesized in a manner similar to that for compound 30g.
Compound 30k was obtained at a quantitative yield as a pale brown oil. tH NMR
(DMSO-db): §: 7.75-7.88 (1H, br), 7.05—7.17 (3H, m), 3.33 (3H, s), 3.20 (2H, q, J= 8.0
Hz), 2.69 (2H, t, J= 8.0 Hz), 2.22-2.37 (4H, m), 0.98 (6H, d, J = 4.0 Hz); EI MS m/z
205 [M]+.

3-Methyl- N-[2-(2-methylphenyl)ethyllpropanamide (301)

Compound 301 was synthesized in a manner similar to that for compound 30g.
Compound 301 was obtained at a yield of 90% as a pale yellow oil. 1H NMR (CDCls): &
7.20 (1H, t, /= 7.3 Hz), 6.95-7.08 (3H, m), 5.42 (1H, brs), 3.50 (2H, q, J/ = 6.8 Haz),
2.78 (2H, t, J= 6.8 Hz), 2.33 (3H, s), 2.28 (1H, sep., J= 6.8 Hz), 1.12 (6H, d, J= 6.8
Hz); FAB MS m/z 206 [M+H]*.

4-Methyl- N-[2-(2-methylphenyl)ethyllpropanamide (30m)

Compound 30m was synthesized in a manner similar to that for compound 30g.
Compound 30m was obtained at a yield of 60% as a pale yellow oil. '1H NMR (CDCls):
§17.05-7.15 (4H, m), 5.40 (1H, brs), 3.49 (2H, q, J= 6.8 Hz), 2.77 (2H, t, J= 6.8 Ha),
2.33 (3H, s), 2.27 (1H, sep., J = 6.8 Hz) 1.11 (6H, d, J = 7.1 Hz); FAB MS m/z 206

63



[M+H]~.

N-[2-(2-Bromo-5-methylphenyl)ethyl]-2-methylpropanamide (30n)

Compound 30n was synthesized in a manner similar to that for compound 30g
using 29n48 instead of 29b. Compound 30n was obtained 83% yield as a red solid. 1H
NMR (DMSO-db): §7.73-7.89 (1H, m), 7.43 (1H, d, J= 8.4 Hz), 7.09 (1H, brs), 6.92—
7.01(1H, m), 3.26 (2H, q, J= 7.3 Hz), 2.79 (2H, t, J= 7.1 Hz), 2.31 (1H, sep., J=6.9
Hz), 2.23 (3H, s), 0.97 (6H, d, /= 6.9 Hz); CI MS m/z 284 [M]*.

4-Fluoro- N-[2-(2-methylphenyl)ethyllpropanamide (30p)

Compound 30p was synthesized in a manner similar to that for compound 30g.
Compound 30p was obtained at a yield of 99% as a pale yellow solid. '1H NMR
(DMSO-ds): §7.76 (1H, brs), 7.16-7.28 (2H, m), 7.04-7.14 (2H, m), 3.24 (2H, q, J=17.3
Hz), 2.69 (2H, t, J= 7.1 Hz), 2.30 (1H, sep., J= 6.8 Hz), 0.96 (6H, d, /= 6.8 Hz); FAB
MS m/z210 [M+H]*.

N-[2-(2-Bromo-5-fluorophenyl)ethyl]-2-methylpropanamide (30q)

Compound 30q was synthesized in a manner similar to that for compound 30g
using 29q48 instead of 29b. Compound 30q was obtained 98% yield as a colorless solid.
TH NMR (DMSO-db): §7.82 (1H, brs), 7.61 (1H, dd, J= 5.4, 8.8 Hz), 7.15 (1H, dd, J=
3.1, 9.8 Hz), 7.05 (1H, dt, J= 3.0, 8.4 Hz), 3.31 (2H, q, /= 6.8 Hz), 2.83 (2H, t, J= 7.0
Hz), 2.30 (1H, sep., /= 6.8 Hz), 0.96 (6H, d, J= 6.8 Hz); FAB MS m/z 288 [M+H]".

1-(Tetrahydro-2 H-pyran-4-yl)-1,2,3,4-tetrahydroisoquinoline (31b)

Compound 30b (3.0 g) was combined with polyphosphate ester (15 mL) and stirred
at 120 °C for 2 hours. The reaction mixture was diluted with water, basified with
ammonia, extracted with ethyl acetate, washed with water and brine, and dried over
magnesium sulfate. The resulting mixture was concentrated in vacuo to obtain
1-(tetrahydro-2 H-pyran-4-yl)-3,4-dihydroisoquinoline (2.61 g, 94%), which was used

in the next step without further purification. APCI MS m/z216 [M+H]*. To a solution

64



of 1-(tetrahydro-2 H-pyran-4-yl)-3,4-dihydroisoquinoline (2.61 g) in methanol (15 mL)
was added sodium borohydride (458 mg) at 4 °C. The reaction mixture was stirred at
room temperature for 1 hour. The reaction was quenched by the addition of water,
extracted with ethyl acetate, washed with water and brine, and dried over
magnesium sulfate. The resulting mixture was concentrated in vacuo to give
compound 31b (1.61 g, 61%) as a brown solid. 1H NMR (CDCls): §7.03-7.36 (4H, m),
3.82-4.19 (2H, m), 3.18-3.58 (2H, m), 2.56-3.07 (2H, m), 1.39-1.85 (3H, m), 1.26—
1.38 (1H, m); APCI MS m/z 218 [M+H]-".

1-tert-Butyl-1,2,3,4-tetrahydroisoquinoline hydrochloride (31g)

To a solution of compound 30g (10.0 g) in toluene (100 mL) was added phosphorus
pentoxide (13.83 g) and stirred at 70 °C. Phosphoryl chloride (7 mL) was then added
to the mixture, warmed to 120 °C and stirred for 8 hours. After cooling to room
temperature, the supernatant was removed. 20% aqueous sodium hydroxide was
added to the residue, extracted with ethyl acetate, washed with brine, and dried over
magnesium sulfate. The mixture was concentrated in vacuo to obtain
1-tert-butyl-3,4-dihydroisoquinoline (4.9 g, 53%), which was used in the next step
without further purification. EI MS: m/z 186 [M-H]*. To a solution of
1-tert-butyl-3,4-dihydroisoquinoline (4.83 g) in ethanol (40 mL) and toluene (5 mL)
was added sodium borohydride (1.10 g) at 4 °C. After stirring at room temperature
for 1 hour, 1 M aqueous hydrochloric acid (20 mL) was added to the mixture and
stirred at room temperature for 30 minutes. The resulting mixture was basified with
1 M aqueous sodium hydroxide (40 mL), extracted with ethyl acetate, dried over
magnesium sulfate, and concentrated in vacuo. The residue was dissolved in ethyl
acetate (20 mL) and ether (60 mL) and 4 M hydrogen chloride in ethyl acetate (7 mL)
was then added to the mixture. The precipitate was filtered off to give compound 31g
(5.82 g, 23%) as a pale yellow solid. 1H NMR (DMSO-dk): §10.5 (1H, brs), 8.26 (1H,
brs), 7.23-7.32 (4H, m), 4.31 (1H, brs), 3.48-3.56 (1H, m), 2.69-2.91 (3H, m), 1.00 (9H,
s); ESI MS m/z 190 [M+H]+.
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1-(Pentan-3-y)-1,2,3,4-tetrahydroisoquinoline hydrochloride (31h)

Compound 31h was synthesized in a manner similar to that for compound 31g.
Compound 31h was obtained at a yield of 80% as a colorless solid. TH NMR
(DMSO-db): 69.66 (1H, brs), 8.42 (1H, brs), 7.18-7.34 (4H, m), 4.61 (1H, brs), 3.36—
3.46 (1H, m) 3.03-3.25 (2H, m), 2.85-2.96 (1H, m), 1.95 (1H, brs), 1.22-1.60 (3H, m),
1.07-1.19 (1H, m), 1.00 (3H, t, /= 7.6 Hz), 0.80 (3H, t, /= 7.5 Hz); ESI MS m/z 204
[M+H]+.

1-Isopropyl-5-methyl-1,2,3,4-tetrahydroisoquinoline hydrochloride (31k)

To a solution of compound 80k (7.64 g) in dichloromethane (50 mL) was added
oxalyl chloride (5.0 mL) at 4 °C. After stirring at room temperature for 1.5 hours,
ferric chloride (6.7 g) was added to the mixture at 4 °C. The mixture was then stirred
at room temperature for 4.5 hours. The reaction was quenched by the addition of 1 M
aqueous hydrochloric acid, extracted with chloroform, dried over magnesium sulfate
and concentrated 1n vacuo. The residue was washed with ether, and the precipitate
was filtered off to obtain
10&-isopropyl-7-methyl-6,104-dihydro-5 H-[1,3]oxazolo[2,3- alisoquinoline-2,3-dione
(5.25 g, 55%) as a colorless solid. FAB MS m/z 260 [M+H]+. To a solution of
concentrated sulfuric acid (3.0 mL) in methanol (30 ml) was added
10&-isopropyl-7-methyl-6,104-dihydro-5 H-[1,3]oxazolo[2,3- alisoquinoline-2,3-dione
(5.22 g) and the mixture was heated under reflux for 4 days. The mixture was
concentrated in vacuo, diluted with water and washed with ether. The aqueous phase
was neutralized with aqueous ammonia, extracted with toluene, dried over
magnesium sulfate and concentrated in vacuo to obtain
1-isopropyl-5-methyl-3,4-dihydroisoquinoline (3.66 g, 97%) as a brown oil. FAB MS
m/z 188 [M+H]+. To a solution of 1-isopropyl-5-methyl-3,4-dihydroisoquinoline (3.61
g) in ethanol (40 mL) and toluene (10 mL) was added sodium borohydride (0.80 g) at
4 °C. After stirring at room temperature for 14 hours, the reaction was quenched by
the addition of 1 M aqueous hydrochloric acid. The mixture was basified with 1 M

aqueous sodium hydroxide, extracted with toluene, and dried over magnesium
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sulfate. 4 M hydrogen chloride in ethyl acetate (6 mL) was added to the mixture. The
precipitate was filtered off to give compound 31k (4.19 g, 96%) as a colorless solid. 'H
NMR (DMSO-ds): §9.85 (1H, brs), 8.77 (1H, brs), 7.02-7.26 (3H, m), 4.36-4.45 (1H,
m), 3.39-3.63 (1H, m), 3.08-3.21 (1H, m), 2.78-2.98 (2H, m), 2.34-2.55 (1H, m), 2.22
(3H, s), 1.09 (3H, d, J= 7.1 Hz), 0.84 (3H, d, J= 6.9 Hz); FAB MS m/z 190 [M+H]-.

1-Isopropyl-6-methyl-1,2,3,4-tetrahydroisoquinoline hydrochloride (311)

Compound 311 was synthesized in a manner similar to that for compound 31g.
Compound 311 was obtained at a yield of 88% yield as a colorless solid.!H NMR
(DMSO-db): §9.85 (1H, brs), 8.72 (1H, brs), 7.17 (1H, d, J= 8.1 Hz), 7.08 (1H, d, J =
8.1 Hz), 7.03 (1H, s), 4.37 (1H, brs), 3.38-3.47 (1H, m), 2.98-3.16 (2H, m), 2.80-2.91
(1H, m), 2.40-2.48 (1H, m), 2.27 (3H, ), 1.09 (3H, d, J= 6.9 Hz), 0.84 (3H, d, J= 7.0
Hz); CI MS m/z 190 [M+H]*.

1-Isopropyl-7-methyl-1,2,3,4-tetrahydroisoquinoline hydrochloride (31m)

Compound 31m was synthesized in a manner similar to that for compound 31g.
Compound 31m was obtained at a yield of 74% as a colorless solid.'H NMR
(DMSO-ds) 6§9.89 (1H, brs), 8.72 (1H, brs), 6.82-7.26 (3H, m), 4.38 (1H, brs), 3.38—
3.46 (1H, m), 2.97-3.14 (2H, m), 2.79-2.90 (1H, m), 2.41-2.52 (1H, m), 2.28 (3H, s),
1.10 3H, d, J= 7.1 Hz), 0.84 (3H, d, J= 7.0 Hz); CI MS m/z 190 [M+H]*.

5-Bromo-1-isopropyl-8-methyl-1,2,3,4-tetrahydroisoquinoline (31n)

Compound 31n was synthesized in a manner similar to that for compound 31g.
Compound 31n was obtained at a yield of 8% as a brown oil. 1H NMR (CDCls): §7.32
(1H, d, J=8.1 Hz), 6.87 (1H, d, J= 8.1 Hz), 4.00 (1H, d, /= 5.9 Hz), 3.26-3.39 (1H, m),
2.83-3.01 (2H, m), 2.56-2.69 (1H, m), 2.15-2.37 (4H, m), 2.02-2.13 (1H, m), 0.98 (3H,
d, /= 6.8 Hz), 0.83 (3H, d, J= 6.8 Hz); CI MS m/z268 [M]*.

7-Fluoro-1-isopropyl-1,2,3,4-tetrahydroisoquinoline hydrochloride (31p)

Compound 31p was synthesized in a manner similar to that for compound 31g.
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Compound 31p was obtained at a yield of 12% as a pale yellow solid.'H NMR
(DMSO-ds): §10.07 (1H, brs), 8.90 (1H, brs), 7.25-7.34 (1H, m), 7.07-7.24 (1H, m),
4.46 (1H, brs), 3.43 (1H, brs), 2.82-3.15 (4H, m), 1.12 (3H, d, /= 7.1 Hz), 0.83 (3H, d,
J=17.1 Hz); FAB MS m/z194 [M+H]*.

5-Bromo-8-fluoro-1-isopropyl-1,2,3,4-tetrahydroisoquinoline hydrochloride (31q)

Compound 31q was synthesized in a manner similar to that for compound 31k.
Compound 31q was obtained at a yield of 7% as a colorless solid. TH NMR
(DMSO-db): §9.95 (1H, brs), 9.09 (1H, brs), 7.71 (1H, dd, J= 5.1, 8.8 Hz), 7.20 (1H, t,
J=9.3 Hz), 4.52 (1H, d, J= 6.9 Hz), 3.39-3.51 (1H, m), 3.22-3.38 (1H, m), 2.89-2.06
(2H, m), 2.19-2.35 (1H, m), 1.00 (3H, d, J= 6.8 Hz), 0.94 (3H, dd, J/= 2.5, 6.8 Hz); ESI
MS m/z 272 [M+H]*.

1-(3,4-Dihydroisoquinolin-2(1 H)-y1)-2-{[(1-hydroxycyclohexyl)methyllamino}ethanon
e oxalate (32a)

To a solution of 31a (2.0 g) in toluene (10 mL) and water (10 mL) was added
potassium carbonate (3.2 g) and chloroacetyl chloride (1.4 mL) at 4 °C. The reaction
mixture was stirred at room temperature for 23 hours and then diluted with water,
extracted with ethyl acetate, washed with 1 M aqueous hydrochloric acid and brine,
dried over magnesium sulfate, and concentrated In vacuo to give
2-chloro-1-(3,4-dihydroisoquinolin-2(1 A)-yl)ethanone (2.7 g, 86%) as a pale yellow
solid. EI MS mlz 209 [(M]-~. To a solution of
2-chloro-1-(3,4-dihydroisoquinolin-2(1 A)-yl)ethanone (0.35 g) in acetonitrile (5 mL)
were added 1-(aminomethyl)cyclohexanol hydrochloride (0.7 g) and potassium
carbonate (0.7 g). The mixture was stirred at 70 °C for 3 days and then diluted with
water, extracted with ethyl acetate, washed with brine, dried over magnesium
sulfate, and concentrated in vacuo. The residue was purified by column
chromatography, eluting with chloroform—methanol, and dissolved in 2-propanol (4
mL). A solution of oxalic acid (54 mg) in ether (10 mL) was added to the solution. The

precipitate was filtered off to obtain compound 32a (194 mg, 30%) as a colorless solid.
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1H NMR (DMSO-dk): §7.62 (1H, brs), 7.13-7.27 (4H, m), 4.66 (1H, s), 4.60 (1H, s),
4.03—4.14 (2H, m), 3.73 (1H, t, J=6.1 Hz), 3.60 (1H, t, J= 6.0 Hz), 2.86-2.95 (3H, m),
2.81 (1H, t, J=6.0 Hz), 1.18-1.64 (11H, m); FAB MS m/z 303 [M+H]*.

2-{[(1-Hydroxycyclohexyl)methyllamino}-1-[1-(tetrahydro-2 H-pyran-4-yl)-3,4-dihydr
oisoquinolin-2(1 A)-yllethanone oxalate (32b)

Compound 32b was synthesized in a manner similar to that for compound 32a.
Compound 32b was obtained at a yield of 44% as a colorless solid. 'TH NMR
(DMSO-db): This compound exists as a pair of rotamers at room temperature. §7.12—
7.27 (4H, m), 5.14 (major rotamer 1H, t, J= 9.7 Hz), 4.39 (minor rotamer 1H, d, J=
9.8 Hz), 4.21-4.30 (1H, m), 4.14 (major rotamer 1H, d, J= 16.2 Hz), 3.30—4.07 (7H,
m), 3.07-3.28 (2H, m), 2.82-3.03 (4H, m), 1.80-2.00 (1H, m), 1.19-1.65 (15H, m); FAB
MS m/z 387 [M+HI*.

2-{[(1-Hydroxycyclohexyl)methyllamino}-1-(1-methyl-3,4-dihydroisoquinolin-2(1 A)-y
Dethanone oxalate (32e)

Compound 32e was synthesized in a manner similar to that for compound 32a.
Compound 32e was obtained at a yield of 8% as a colorless solid. 'TH NMR (DMSO-d):
This compound exists as a pair of rotamers at room temperature. §7.11-7.29 (4H, m),
5.46 (major rotamer 1H, q, J= 6.8 Hz), 4.96 (minor rotamer 1H, q, J= 6.7 Hz), 4.38—
4.47 (minor rotamer 1H, m), 3.97-4.27 (2H, m), 3.62-3.73 (major rotamer 1H, m),
3.44-3.55 (major rotamer 1H, m), 3.10-3.21 (minor rotamer 1H, m), 2.69-3.01 (4H,

m), 1.18-1.65 (13H, m); FAB MS m/z 317 [M+H]+.

2-{[(1-Hydroxycyclohexyl)methyllamino}-1-(1-isopropyl-3,4-dihydroisoquinolin-2(1.H)
-yDethanone oxalate (32f)

Compound 32f was synthesized in a manner similar to that for compound 32a.
Compound 32f was obtained at a yield of 20% as a colorless solid. 1H NMR
(DMSO-db): This compound exists as a pair of rotamers at room temperature. §7.12—

7.27 (4H, m), 5.09 (major rotamer 1H, d, J= 9.3 Hz), 4.31 (minor rotamer 1H, d, J=
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9.4 Hz), 4.18-4.27 (minor rotamer 1H, m), 4.12 (major rotamer 1H, d, /= 16.2 Hz),
3.94-4.04 (1H, m), 3.64-3.74 (major rotamer 1H, m), 3.53—3.63 (major rotamer 1H,
m), 3.32-3.42 (minor rotamer 1H, m), 2.80-3.02 (4H, m), 1.92-2.10 (1H, m), 1.17—
1.65 (10H, m), 0.78-1.02 (6H, m); FAB MS m/z 345 [M+H]* Anal. Calcd for
C21H32N202 -C2H204: C, 63.57; H, 7.89; N, 6.45. Found: C, 63.44; H, 7.92; N, 6.49.

1-(1- tert-Butyl-3,4-dihydroisoquinolin-2(1 A)-y1)-2-{[(1-hydroxycyclohexyl)methyl]am
inojethanone oxalate (32g)

Compound 32g was synthesized in a manner similar to that for compound 32a.
Compound 32g was obtained at a yield of 20% as a colorless solid. 1TH NMR
(DMSO-db): This compound exists as a pair of rotamers at room temperature. §7.12—
7.31 (4H, m), 5.33 (major rotamer 1H, s), 4.48-4.59 (minor rotamer 1H, m), 4.46
(minor rotamer 1H, s), 4.08 (2H, q, J= 11.7 Hz), 3.62-3.43 (2H, m), 3.30—-3.43 (minor
rotamer 1H, m), 2.76-3.08 (4H, m), 1.19-1.66 (11H, m), 0.98 (9H, s), 0.94 (9H, s); FAB
MS mlz 359 [M+H]*.

2-{[(1-Hydroxycyclohexyl)methyllamino}-1-[1-(pentan-3-yl)-3,4-dihydroisoquinolin-2(
1H)-yllethanone oxalate (32h)

Compound 32h was synthesized in a manner similar to that for compound 32a.
Compound 32h was obtained at a yield of 50% as a colorless solid. 'TH NMR
(DMSO-db): This compound exists as a pair of rotamers at room temperature. §7.13—
7.31 (4H, m), 5.32 (major rotamer 1H, d, J= 9.4 Hz), 4.43 (minor rotamer 1H, d, J=
9.9 Hz), 3.84-4.19 (2H, m), 3.55-3.72 (2H, m), 3.38 (minor rotamer 1H, q, J= 6.9 Hz),
2.78-3.05 (4H, m), 1.13-1.77 (14H, m), 0.72-0.93 (6H, m); FAB MS m/z 373 [M+H]-*.

1-(1-Cyclopentyl-3,4-dihydroisoquinolin-2(1 H)-y1)-2-{[(1-hydroxycyclohexyl)methylla
minojethanone oxalate (32i)

Compound 32i was synthesized in a manner similar to that for compound 32a.
Compound 32i was obtained at a yield of 58% as a colorless solid. 'H NMR

(DMSO-ds): This compound exists as a pair of rotamers at room temperature. §7.63
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(1H, brs), 7.09-7.26 (9H, m), 5.24 (major rotamer 1H, d, J = 10.1 Hz), 4.49 (minor
rotamer 1H, d, J= 9.8 Hz), 4.14 (major rotamer 1H, d, J=10.1 Hz), 3.95-4.08 (1H, m),
3.55—3.74 (major rotamer 2H, m), 3.27-3.40 (minor rotamer 1H, m), 2.78-3.05 (4H,

m), 2.07-2.31 (1H, m), 1.15-1.79 (19H, m); FAB MS m/z 371 [M+H]*.

2-{[(1-Hydroxycyclohexyl)methyllamino}-1-[(1.9-1-phenyl-3,4-dihydroisoquinolin-2(1
H)-yllethanone oxalate ((S)-32;j)

Compound (9)-32j was synthesized in a manner similar to that for compound 32a.
Compound (9-32j was obtained at a yield of 36% as a colorless solid. 'TH NMR
(DMSO-db): This compound exists as a pair of rotamers at room temperature. §7.14—
7.42 (9H, m), 6.66 (major rotamer 1H, s), 6.16 (minor rotamer 1H, s), 4.34 (minor
rotamer 1H, d, J= 16.2 Hz), 4.19 (major rotamer 1H, d, /= 16.2 Hz), 3.99—4.13 (1H,
m), 3.84 (minor rotamer 1H, d, = 16.2 Hz), 3.41-3.70 (2H, m), 2.73-3.08 (5H, m),
1.18-1.65 (11H, m); ESI MS m/z 379 [M+H]*; Anal. Calcd for C24H30N202 C2H204: C,
66.65; H, 6.88; N, 5.98. Found: C, 66.63; H, 6.88; N, 5.94. [a]26p +129.6°(c = 0.1,
MeOH).

2-{[(1-Hydroxycyclohexyl)methyllamino}-1-(1-isopropyl-5-methyl-3,4-dihydroisoquin
olin-2(1 H)-yl)ethanone oxalate (32k)

Compound 32k was synthesized in a manner similar to that for compound 32a.
Compound 32k was obtained at a yield of 68% as a colorless solid. tH NMR
(DMSO-ds): This compound exists as a pair of rotamers at room temperature. §7.03—
7.12 (3H, m), 5.06 (major rotamer 1H, d, J= 9.4 Hz), 4.37-4.47 (minor rotamer 1H,
m), 4.27 (minor rotamer 1H, d, /= 9.4 Hz), 4.16 (major rotamer 1H, d, /= 16.2 Hz),
3.91-4.08 (1H, m), 3.58-3.75 (2H, m), 3.25-3.36 (minor rotamer 1H, m), 2.83-2.98
(1H, m), 2.72-2.82 (3H, m), 2.21 (major rotamer 3H, s), 2.19 (minor rotamer 3H, s),

1.92-2.11 (1H, m), 1.16-1.67 (10H, m), 0.82-1.01 (6H, m); FAB MS m/z 359 [M+H]*.
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2-{[(1-Hydroxycyclohexyl)methyllamino}-1-(1-isopropyl-6-methyl-3,4-dihydroisoquin
olin-2(1 A)-yDethanone oxalate (321)

Compound 321 was synthesized in a manner similar to that for compound 32a.
Compound 321 was obtained at a yield of 66% as a colorless solid. 'H NMR
(DMSO-db): This compound exists as a pair of rotamers at room temperature. §6.95—
7.11 (3H, m), 5.04 (major rotamer 1H, d, /= 9.2 Hz), 4.26 (minor rotamer 1H, d, J=
9.6 Hz), 4.17-4.24 (minor rotamer 1H, m), 4.14 (major rotamer 1H, d, /= 16.2 Hz),
3.95-4.05 (1H, m), 3.51-3.71 (2H, m), 3.29-3.38 (minor rotamer 1H, m), 2.77-2.98
(4H, m), 2.26 (3H, s), 1.88-2.08 (1H, m), 1.15-1.68 (10H, m), 0.82-1.00 (6H, m); FAB
MS m/z 359 [M+H]*.

2-{[(1-Hydroxycyclohexyl)methyllamino}-1-(1-isopropyl-7-methyl-3,4-dihydroisoquin
olin-2(1 H)-yDethanone oxalate (32m)

Compound 32m was synthesized in a manner similar to that for compound 32a.
Compound 32m was obtained at a yield of 44% as a colorless solid. tH NMR
(DMSO-db): This compound exists as a pair of rotamers at room temperature. §6.97—
7.12 (3H, m), 5.04 (major rotamer 1H, d, /= 9.2 Hz), 4.25 (minor rotamer 1H, d, J=
9.5 Hz), 4.15-4.22 (minor rotamer 1H, m), 4.11 (major rotamer 1H, d, /= 16.2 Hz),
3.92-4.07 (1H, m), 3.50-3.71 (major rotamer 2H, m), 3.29-3.40 (minor rotamer 1H,
m), 2.77-2.97 (4H, m), 2.27 (major rotamer 3H, s), 2.28 (minor rotamer 3H, s), 1.90—
2.12 (1H, m), 1.18-1.65 (10H, m), 0.83-0.99 (6H, m); FAB MS m/z 359 [M+H]-".

1-(6-Fluoro-1-isopropyl-3,4-dihydroisoquinolin-2(1 A)-y1)-2-{[(1-hydroxycyclohexyl)me
thyllamino}ethanone oxalate (320)

Compound 320 was synthesized in a manner similar to that for compound 32a.
Compound 320 was obtained at a yield of 62% as a colorless solid. TH NMR
(DMSO-db): This compound exists as a pair of rotamers at room temperature. §7.25
(1H, dd, J= 5.9, 8.5 Hz), 6.98-7.12 (2H, m), 5.11 (major rotamer 1H, d, /= 9.3 Hz),
4.36 (minor rotamer 1H, d, J= 9.4 Hz), 4.18-4.26 (minor rotamer 1H, m), 4.13 (major

rotamer 1H, d, /= 16.3 Hz), 3.97-4.06 (1H, m), 3.55-3.71 (2H, m), 3.29-3.38 (minor
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rotamer 1H, m), 2.83-3.02 (4H, m), 1.90-2.09 (1H, m), 1.16-1.64 (10H, m), 0.80—0.98
(6H, m); FAB MS m/z 363 [M+H]*.

1-(7-Fluoro-1-isopropyl-3,4-dihydroisoquinolin-2(1 A)-y1)-2-{[(1-hydroxycyclohexyl)me
thyllamino}ethanone oxalate (32p)

Compound 32p was synthesized in a manner similar to that for compound 32a.
Compound 32p was obtained at a yield of 53% as a colorless solid. 1<H NMR
(DMSO-db): This compound exists as a pair of rotamers at room temperature. §7.02—
7.36 (3H, m), 5.14 (major rotamer 1H, d, /= 9.2 Hz), 4.38 (minor rotamer 1H, d, J=
9.4 Hz), 4.09-4.26 (1H, m), 3.96-4.05 (1H, m), 3.54-3.71 (major rotamer 2H, m),
3.30-3.44 (minor rotamer 1H, m), 2.80-3.00 (4H, m), 1.94-2.12 (1H, m), 1.18-1.63

(10H, m), 0.81-0.99 (6H, m); FAB MS m/z 363 [M+H]*.

2-{[(1-Hydroxycyclohexyl)methyllamino}-1-(1-isopropyl-6-methoxy-3,4-dihydroisoqui
nolin-2(1 A)-yl)ethanone oxalate (32r)

Compound 32r was synthesized in a manner similar to that for compound 32a.
Compound 32r was obtained at a yield of 60% as a colorless solid. TH NMR
(DMSO-ds): This compound exists as a pair of rotamers at room temperature. §7.07—
7.15 (1H, m), 6.71-6.83 (2H, m), 5.03 (major rotamer 1H, d, /= 9.3 Hz), 4.54 (minor
rotamer 1H, d, /= 9.7 Hz), 4.08-4.22 (1H, m), 3.95-4.05 (1H, m), 3.73 (38H, s), 3.51—
3.70 (major rotamer 2H, m), 3.29-3.38 (minor rotamer 1H, m), 2.82-2.98 (4H, m),
1.88-2.04 (1H, m), 1.19-1.63 (10H, m), 0.83-0.97 (6H, m); FAB MS m/z 375 [M+HI*;
Anal. Caled for C22H34N20s-C2H204: C, 62.05; H, 7.81; N, 6.03. Found: C, 61.96; H,
7.91; N, 6.05.

2-{[(1-Hydroxycyclohexyl)methyllamino}-(1.£)-(1-isopropyl-6-methoxy-3,4-dihydroiso
quinolin-2(1 A)-yl)ethanone oxalate ((%)-32r)

Compound (£)-32r was synthesized in a manner similar to that for compound 32r,
except that (£)-31r was used instead of 81r. Compound (£)-32r was obtained at a
yield of 64% as a colorless solid. HPLC (Chiralpak OD-H [0.46 cm I.D. x 15 cml,
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hexane: ethanol: diethylamine = 90/10/0.1 flow rate 0.5 mL/min., column temp.:
40 °C UV: 230 nm): retention time: ts = 14.96 min (major), tr = 11.76 min (minor);
98.4% ee. FAB MS m/z 375 [M+H]*; Anal. Caled for C226H34N203 -C2H204: C, 62.05; H,
7.81; N, 6.03. Found: C, 61.80; H, 7.83; N, 5.96. [a]26p +31.8°(c = 0.1, MeOH).

(R)-32r was prepared via the following procedure: To a solution of 31r (12.7 g) in
2-propanol (150 mL) was added (2.9-mandelic acid (9.20 g) and a small portion of the
seed crystal. After stirring for 30 minutes, the precipitate was filtered off to obtain
rough crystal (75% ee). Further recrystallization using 2-propanol (150 mL) was
repeated three times to furnish enantiomerically pure
(1.9-isopropyl-6-methoxy-1,2,3,4-tetrahydroisoquinoline (2,5)-mandelate (6.11 g, 28%,
>98% ee) as a colorless solid. HPLC (Chiralpak AD-RH [0.46 cm I.D. x 15 cml,
acetonitrile: 20 mM borate buffer (pH 9.0) = 40/60 flow rate 0.5 mL/min., column
temp.: 40 °C UV: 210 nm): retention time: ts = 18.31 min (major), tr = 14.30 min

(minor); >98% ee. FAB MS m/z 206 [M+H]*.

2-{[(1-Hydroxycyclohexyl)methyllamino}-(1.9-(1-isopropyl-6-methoxy-3,4-dihydroiso
quinolin-2(1 AH)-ylethanone oxalate ((.9)-32r)

Compound (8)-32r was synthesized in a manner similar to that for compound 32r,
except that (9)-31r was used instead of 31r. Compound (9-32r was obtained at a
yield of 70% as a colorless solid. TH NMR (DMSO-ds): This compound exists as a pair
of rotamers at room temperature. §7.04—7.14 (1H, m), 6.72—-6.82 (2H, m), 5.03 (major
rotamer 1H, d, J= 9.3 Hz), 4.25 (minor rotamer 1H, d, J= 9.4 Hz), 4.06-4.23 (1H, m),
3.93-4.05 (1H, m), 3.73 (3H, s), 3.51-3.70 (major rotamer 2H, m), 3.28-3.38 (minor
rotamer 1H, m), 2.79-3.00 (4H, m), 1.88-2.07 (1H, m), 1.18-1.65 (10H, m), 0.82-1.07
(6H, m); HPLC (Chiralpak OD-H [0.46 cm ID. x 25 cm], hexane: ethanol:
diethylamine = 90/10/0.1 flow rate 0.5 mL/min., column temp.: 40 °C UV: 230 nm):
retention time: ts = 11.76 min (major), tr = 14.96 min (minor). FAB MS m/z 375
[M+H]+; Anal. Caled for C22HssN203-C2H204: C, 62.05; H, 7.81; N, 6.03. Found: C,
61.83; H, 7.86; N, 6.00. [a]23p —24.3°(c = 0.1, MeOH). (9-31r was prepared in a

manner similar to that for (%)-31r, except that (28)-mandelic acid was used instead
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of (29-mandelic acid. Compound (9)-31r was obtained at a yield of 29% as a colorless
solid. 'TH NMR (DMSO-de): 6 7.37 (2H, d, J = 7.1 Hz), 7.24-7.28 (2H, m), 7.17-7.21
(1H, m), 7.13 (1H, d, J= 8.6 Hz), 6.78 (1H, dd, J= 2.8, 8.7 Hz), 6.71 (1H, d, J= 2.6 Hz),
4.70 (1H, s), 4.08 (1H, d, /= 4.1 Hz), 3.72 (3H, s), 3.24-3.30 (1H, m), 2.83-2.97 (2H,
m), 2.68-2.75 (1H, m), 2.26-2.34 (1H, m), 1.00 (3H, d, J= 7.0 Hz), 0.72 (3H, d, J= 6.9
Hz); HPLC (Chiralpak AD-RH [0.46 cm I.D. x 15 cml, acetonitrile: 20 mM borate
buffer (pH 9.0) = 40/60 flow rate 0.5 mL/min., column temp.: 40 °C UV: 210 nm):
retention time: ts = 14.30 min (major), tr = 18.31 min (minor); >99% ee. ESI MS m/z

206 [M+H]*.

2-{[(1-Hydroxycyclohexyl)methyllamino}-1-(1-isopropyl-7-methoxy-3,4-dihydroisoqui
nolin-2(1 H)-yl)ethanone oxalate (32s)

Compound 32s was synthesized in a manner similar to that for compound 32a.
Compound 32s was obtained at a yield of 62% as a colorless solid. TH NMR
(DMSO-db): This compound exists as a pair of rotamers at room temperature. §7.06—
7.16 (1H, m), 6.74—6.86 (2H, m), 5.08 (major rotamer 1H, d, J= 9.2 Hz), 4.30 (minor
rotamer 1H, d, J=9.4 Hz), 4.07-4.22 (1H, m), 3.93-4.03 (1H, m), 3.74 (major rotamer
3H, s), 3.73 (minor rotamer 3H, s), 3.61-3.70 (major rotamer 1H, m), 3.51-3.60
(major rotamer 1H, m), 3.29-3.12 (minor rotamer 1H, m), 2.79-2.94 (4H, m), 1.92—
2.06 (1H, m), 1.19-1.63 (10H, m), 0.83-0.98 (6H, m); FAB MS m/z 375 [M+H]-".

2-{[(1-Hydroxycyclohexyl)methyllamino}-1-(1-isopropyl-8-methoxy-3,4-dihydroisoqui
nolin-2(1 H)-yl)ethanone oxalate (32t)

Compound 32t was synthesized in a manner similar to that for compound 32a.
Compound 32t was obtained at a yield of 56% as a colorless solid. TH NMR
(DMSO-db): This compound exists as a pair of rotamers at room temperature. §7.16—
7.24 (1H, m), 6.78-6.92 (2H, m), 5.58 (major rotamer 1H, d, /= 9.8 Hz), 4.30 (minor
rotamer 1H, d, J=9.6 Hz), 4.00-4.17 (1H, m), 3.95 (major rotamer 1H, d, /= 16.3 Hz),
3.85 (minor rotamer 1H, d, /= 16.1 Hz), 3.81 (minor rotamer 3H, s), 3.78 (major

rotamer 3H, s), 3.68-3.79 (1H, m), 3.36-3.52 (1H, m), 2.98-3.13 (1H, m), 2.80-2.96
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(3H, m), 2.05-2.18 (minor rotamer 1H, m), 1.90-2.03 (1H, m), 1.17-1.65 (10H, m),
0.98 (minor rotamer 3H, d, /= 6.8 Hz), 0.93 (major rotamer 3H, d, J= 6.8 Hz), 0.81
(minor rotamer 3H, d, J= 6.7 Hz), 0.78 (major rotamer 1H, d, J= 6.6 Hz); FAB MS
m/z 375 [M+H]*.

2-{[(1-Hydroxycyclohexyl)methyllamino}-1-(1-isopropyl-8-methyl-3,4-dihydroisoquin
olin-2(1 H)-ylethanone oxalate (32n)
1-(5-Bromo-1-isopropyl-8-methyl-3,4-dihydroisoquinolin-2(1 A)-y1)-2-{[(1-hydroxycycl
ohexyl)methyllaminojethanone was synthesized in a manner similar to that for
compound 32a. 1-(5-Bromo-1-isopropyl-8-methyl-3,4-dihydroisoquinolin-2(1 A)-yl)
-2-{[(1-hydroxycyclohexyl)methyllaminojethanone was obtained at a yield of 63% as a
brown oil. FAB MS m/z 437 [M]+.  To a mixture of
1-(5-Bromo-1-isopropyl-8-methyl-3,4-dihydroisoquinolin-2(1 A)-y1)-2-{[(1-hydroxycycl
ohexyl)methyllamino}ethanone (116 mg) and triethylamine (0.05 mL) in ethanol (10
mL) was added 10% palladium on charcoal (10 mg) under an argon atmosphere. The
mixture was stirred at room temperature under a hydrogen atmosphere for 6 hours.
After the mixture was filtered through a celite pad, the filtrate was concentrated in
vacuo. The residue was dissolved with chloroform, washed with 1 M aqueous sodium
hydroxide, dried over magnesium sulfate, and then concentrated in vacuo. The
residue was purified by column chromatography, eluting with chloroform-methanol
to give a pale yellow oil (85 mg). The oil was dissolved in 2-propanol (0.8 mL). Oxalic
acid (23 mg) and ether (5 mL) were added to the solution. The precipitate was filtered
off to obtain compound 32n (66 mg, 56%) as a colorless solid. 1TH NMR (DMSO-ds):
This compound exists as a pair of rotamers at room temperature. §6.99-7.20 (3H, m),
5.46 (major rotamer 1H, d, J= 10.4 Hz), 4.41 (minor rotamer 1H, d, J=10.2 Hz), 4.19
(minor rotamer 1H, d, /= 15.8 Hz), 4.05 (major rotamer 1H, d, /= 16.5 Hz), 3.90—
4.00 (1H, m), 3.81 (1H, t, J= 9.0 Hz), 3.48-3.59 (minor rotamer 1H, m), 3.32-3.43 (1H,
m), 3.10-3.23 (1H, m), 2.82-2.97 (8H, m), 2.36 (minor rotamer 3H, s), 2.29 (major
rotamer 3H, s), 1.94-2.07 (1H, m), 1.20—1.64 (10H, m), 1.03 (minor rotamer 3H, d, J=

6.7 Hz), 0.99 (major rotamer 3H, d, /= 6.6 Hz), 0.74-0.84 (3H, m); ESI MS m/z 359
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[M+H]~.

1-(8-Fluoro-1-isopropyl-3,4-dihydroisoquinolin-2(1 A)-y])-2-{[(1-hydroxycyclohexyl)me
thyllamino}ethanone oxalate (32q)

Compound 32q was synthesized in a manner similar to that for compound 32n.
Compound 32q was obtained at a yield of 45% as a colorless solid. 1TH NMR
(DMSO-db): This compound exists as a pair of rotamers at room temperature. §7.26—
7.32 (1H, m), 7.04—7.14 (2H, m), 5.44 (major rotamer 1H, d, J= 9.9 Hz), 4.49 (minor
rotamer 1H, d, J= 10.0 Hz), 4.14-4.23 (minor rotamer 1H, m), 4.09 (1H, d, J= 16.3
Hz), 3.97 (1H, d, J= 16.4 Hz), 3.34-3.92 (2H, m), 2.78-3.16 (4H, m), 1.95-2.18 (1H,
m), 1.18-1.63 (10H, m), 0.99 (minor rotamer 3H, d, /= 6.8 Hz), 0.96 (major rotamer
3H, d, J= 6.6 Hz), 0.88 (minor rotamer 3H, dd, J= 3.1, 6.6 Hz), 0.84 (major rotamer
3H, dd, J= 2.9, 6.7 Hz); ESI MS m/z 363 [M+H]-".

2-(2-Benzyl-1,2,3,4-tetrahydroisoquinolin-1-yl)propan-2-ol (34)

To a mixture of compound 33 (as a hydrochloride salt 4.98 g) and benzaldehyde
(2.72 g) in acetic acid (50 mL) was added sodium triacetoxyborohydride (6.11 g) at
4 °C. After stirring at room temperature for 15 hours, the mixture was basified with
1 M aqueous sodium hydroxide solution, extracted with chloroform, dried over
magnesium sulfate and concentrated in vacuo. The residue was purified by column
chromatography, eluting with hexane-ethyl acetate to obtain 2-benzyl-1,2,3,4-tetra
hydroisoquinoline-1-carboxylate (1.99 g, 33%) as a colorless oil. ESI MS m/z 297
[M+H]+. To a solution of 2-benzyl-1,2,3,4-tetrahydroisoquinoline-1-carboxylate (1.99
g) in tetrahydrofuran (20 mL) was added a solution of 1.04 M methyl lithium in
hexane (16.2 mL) at —78 °C under an argon atmosphere. After stirring at —78 °C for
30 minutes, the mixture was warmed to 0 °C and stirred for 1 hour. The mixture was
then cooled back to —78 °C, and a solution of 1.04 M methyl lithium in hexane (3.24
mL) was added to the mixture. After stirring at —78 °C for a further 30 minutes, the
mixture was warmed to 0 °C and stirred for 1 hour. The reaction was then quenched

by the addition of water, extracted with ethyl acetate, washed with brine, dried over
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magnesium sulfate and then concentrated in vacuo. The residue was purified by
column chromatography, eluting with hexane-ethyl acetate to obtain compound 34
(1.27 g, 67%) as a pale yellow oil. 1H NMR (CDCls): 6 7.24-7.39 (5H, m), 7.11-7.23
(4H, m), 4.36 (1H, brs), 3.98 (1H, d, /= 13.2 Hz), 3.76 (1H, d, J= 13.2 Hz), 3.68 (1H,
s), 3.26-3.35 (1H, m), 2.77-2.87 (1H, m), 2.66-2.75 (1H, m), 2.57-2.65 (1H, m), 1.37
(3H, s), 0.97 (3H, s); ESI MS m/z283 [M+H]".

1-(2-Methoxypropan-2-yl)-1,2,3,4-tetrahydroisoquinoline (31c)

To a suspension of sodium hydride (60% dispersion in mineral oil, 199 mg) in
tetrahydrofuran (5 mL) was added dropwise a solution of 84 (1.27 g) in THF (7 mL)
at 4 °C and stirred at room temperature for 30 minutes. Methyl iodide (0.42 mL) was
then added to the mixture at 4 °C. After stirring at room temperature for 8 hours,
additional sodium hydride (60% dispersion in mineral oil, 199 mg) and methyl iodide
(0.42 mL) were added to the mixture, followed by stirring at room temperature for 12
hours. The reaction was quenched by the addition of water, extracted with ethyl
acetate, washed with brine, dried over magnesium sulfate, and then concentrated in
vacuo. The residue was purified by column chromatography, eluting with hexane—
ethyl acetate to obtain
2-benzyl-1-(2-methoxypropan-2-yl)-1,2,3,4-tetrahydroisoquinoline (1.17 g, 88%) as a
pale brown oil. ESI MS m/z: 296 [M+H]*. To a mixture of
2-benzyl-1-(2-methoxypropan-2-yl)-1,2,3,4-tetrahydroisoquinoline (1.17 g and in
methanol (12 mL) was added 10% palladium on charcoal (300 mg) under an argon
atmosphere. The mixture was stirred at room temperature under a hydrogen
atmosphere for 8 hours. The mixture was filtered through a celite pad, and the
filtrate was concentrated in vacuo to obtain compound 31c (770 mg, 95%) as a yellow
gum. 'H NMR (CDCls): §7.39-7.48 (1H, m), 7.03-7.20 (3H, m), 4.23 (1H, s), 3.25—
3.38 (4H, m), 2.80-2.92 (2H, m), 2.61-2.70 (1H, m), 1.16 (3H, s), 1.12 (3H, s); ESIMS
mlz206 [M+H]*.
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2-{[(1-Hydroxycyclohexyl)methyllamino}-1-[1-(2-methoxypropan-2-yl)-3,4-dihydroiso
quinolin-2(1 AH)-yllethanone oxalate (32c)

Compound 32c¢ was synthesized in a manner similar to that for compound 32a.
Compound 32¢c was obtained at a yield of 69% as a colorless solid. 'TH NMR
(DMSO-db): This compound exists as a pair of rotamers at room temperature. §7.29
(1H, d, J = 7.1 Hz), 7.11-7.24 (3H, m), 5.44 (major rotamer 1H, s), 4.63 (minor
rotamer 1H, s), 4.28-4.38 (minor rotamer 1H, m), 4.15 (1H, d, J= 16.2 Hz), 3.98-4.10
(1H, m), 3.89-3.78 (1H, m), 3.60-3.70 (1H, m), 3.50-3.59 (1H, m), 3.07 (minor
rotamer 3H, s), 3.04 (major rotamer 3H, s), 2.78-3.02 (4H, m), 1.30-1.64 (9H, m),
1.25 (major rotamer 3H, s), 1.21 (minor rotamer 3H, s), 1.17 (minor rotamer 3H, s),

1.12 (major rotamer 3H, s); FAB MS m/z 375 [M+H]+.

2-(1,2,3,4-Tetrahydroisoquinolin-1-yl)propan-2-yl pivalate (36)

To a mixture of compound 35 (3.0 g) and tetramethylethylenediamine (2.2 mL) in
tetrahydrofuran (40 mL) was added to a solution of 1.64 M tertbutyllithium in
npentane (12 mL) at —78 °C under an argon atmosphere. After stirring at —78 °C for
10 minutes, acetone (1.8 mL) was added to the mixture and stirred at —78 °C for 1
hour. The reaction was quenched by the addition of acetic acid (2 mL), warmed to
room temperature, and then concentrated in vacuo. The residue was dissolved with
ethyl acetate and washed with water, aqueous 5% citric acid solution, saturated
aqueous sodium bicarbonate, and brine. The resulting mixture was dried over
magnesium sulfate and concentrated in vacuo. The residue was purified by column
chromatography, eluting with hexane-ethyl acetate to give
1-[1-(2-hydroxypropan-2-yl)-3,4-dihydroisoquinolin-2(1 A)-yl]-2,2-dimethylpropan-1-o
ne (3.45 g, 68%) as a colorless solid. FAB MS m/z 276 [M+H]+.

Trifluoroacetic acid (2.9 mL) was combined with 1-[1-(2-hydroxypropan-2-yl)-3,4-
dihydroisoquinolin-2(1 A)-yl]-2,2-dimethylpropan-1-one (300 mg) and stirred at room
temperature for 4 hours. The mixture was concentrated in vacuo, basified with
saturated aqueous sodium bicarbonate, extracted with ethyl acetate, washed with

water, and dried over magnesium sulfate. The resulting solution was concentrated in
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vacuo to obtain compound 36 (294 mg, 98%) as a yellow oil. TH NMR (CDCls): §7.34
(1H, d, J = 7.3 Hz), 7.06-7.20 (3H, m), 4.60 (1H, brs), 3.25-3.35 (1H, m), 2.83-2.99
(2H, m), 2.63-2.74 (1H, m), 1.53 (3H, s), 1.45 (3H, s), 1.15 (9H, brs); FAB MS m/z 276
[M+H]*.

2-{[(1-Hydroxycyclohexyl)methyllamino}-1-[1-(2-hydroxypropan-2-yl)-3,4-dihydroiso
quinolin-2(1 A)-yllethanone oxalate (32d)
2-(2-{V-[(1-Hydroxycyclohexyl)methyllglycyl}-1,2,3,4-tetrahydroisoquinolin-1-yl)pr
opan-2-yl pivalate was synthesized in a manner similar to that for compound 32a.
2-(2-1V-[(1-hydroxycyclohexyl)methyllglycyl}-1,2,3,4-tetrahydroisoquinolin-1-yl)prop
an-2-yl pivalate was obtained at a yield of 81% as a colorless oil. APCI MS m/z 445
[M+H]*. To a solution of
2-(2-{ V[(1-hydroxycyclohexyl)methyllglycyl}-1,2,3,4-tetrahydroisoquinolin-1-yl)prop
an-2-yl pivalate (1.43g) in dichloromethane (15 mL) was added a solution of 1.01 M
diisobutyl aluminum hydride in hexane (9.55 mlL) at —78 °C under an argon
atmosphere. After stirring at —78 °C for 5 hours, the mixture was warmed to 0 °C for
2 hours. The reaction was then quenched by the addition of saturated aqueous
potassium sodium tartrate solution, stirred for 20 minutes and filtered through a
celite pad. The filtrate was extracted with chloroform, washed with brine, dried over
magnesium sulfate, and then concentrated in vacuo. The residue was purified by
column chromatography, eluting with chloroform-methanol to give a colorless oil (118
mg), which was dissolved in ethanol (4 mL). Oxalic acid (32 mg) was added to the
solution and concentrated in vacuo. The residue was washed with acetonitrile and
filtered off to obtain compound 32d (120 mg, 8%) as a colorless solid. 'H NMR
(DMSO-db): This compound exists as a pair of rotamers at room temperature. §7.25—
7.34 (1H, m), 7.24-7.10 (2H, m), 5.30 (major rotamer 1H, s), 4.56 (minor rotamer 1H,
s), 4.22—4.32 (minor rotamer 1H, m), 4.08-4.20 (1H, m), 3.91-4.07 (2H, m), 3.53-3.70
(1H, m), 3.07-3.19 (major rotamer 1H, m), 2.77-2.94 (minor rotamer 1H, m), 2.77—

2.94 (3H, m), 1.07-1.66 (16H, m); FAB MS m/z 361 [M+H]*.
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SBmE
1-(1-Cyclohexyl-3,4-dihydroisoquinolin-2(1 H)-yl)-2-[(2-hydroxy-2-methylpropyl)amin
olethanone fumarate (37)

To a solution of compound 25a (200 mg) in acetonitrile (3 mL) was added potassium
carbonate (474 mg) and 1-amino-2-methyl-2-propanol (244 mg). The reaction mixture
was stirred for 3 hours at 60 °C. The mixture was diluted with chloroform and water,
filtered through a phase separation filter and the filtrate was concentrated in vacuo.
The residue was purified by silica gel column chromatography, and eluted with
chloroform-methanol to give the desired product as a colorless gum (198 mg). The
gum was dissolved in 2-propanol (2 mL), and fumaric acid (67 mg) was added to the
solution. The mixture was stirred at room temperature for 3 hours. The precipitate
was filtered off to obtain the title compound 87 (185 mg, 59%) as a colorless solid. 'H
NMR (DMSO-ds): This compound exists as a pair of rotamers at room temperature. &
7.09-7.24 (4H, m), 7.11 (fumaric acid 2H, s), 7.13 (major isomer 1H, d, J= 9.2 Hz),
4.43 (minor isomer 1H, d, J= 9.4 Hz), 4.16-4.27 (minor isomer 1H, m), 3.59-3.69 (2H,
m), 3.48-3.57 (1H, m), 3.22-3.32 (minor isomer 1H, m), 2.78-2.98 (2H, m), 1.46-1.78
(6H, m), 0.96-1.21 (11H, m); FAB MS m/z 345 [M+H]".

1-(1-Cyclohexyl-3,4-dihydroisoquinolin-2(1 A)-yl)-2-{[(2 B)-2-hydroxybutyllamino}eth
anone oxalate (38)

Compound 38 was synthesized using a similar protocol to that for compound 37.
Compound 38 was obtained in 50% yield as a colorless solid. TH NMR (DMSO-d):
This compound exists as a pair of rotamers at room temperature. §7.13-7.26 (4H, m),
5.11 (1H, d, J = 9.4 Hz), 4.27-4.34 (minor isomer 1H, m), 3.51-4.26 (5H, m),
3.30—3.41 (minor isomer 1H, m), 2.72-3.03 (4H, m), 1.29-1.78 (7TH, m), 0.96-1.22 (4H,
m), 0.87 (38H, t, J= 7.4 Hz); FAB MS m/z 345 [M+H]*.

1-(1-Cyclohexyl-3,4-dihydroisoquinolin-2(1 A)-y1)-2-{[(29)-2-hydroxybutyllamino}etha
none oxalate (39)

Compound 39 was synthesized using a similar protocol to that for compound 37.
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Compound 39 was obtained in 44% yield as a colorless solid. 1H NMR (DMSO-d):
This compound exists as a pair of rotamers at room temperature. §7.08—7.28 (4H, m),
7.11 (1H, d, J = 9.3 Hz), 4.28-4.35 (minor isomer 1H, m), 4.09-4.25 (1H, m),
3.96-4.07 (1H, m), 3.52-3.76 (3H, m), 3.28-3.39 (1H, m), 2.70-3.05 (4H, m),
1.28-1.79 (7TH, m), 0.95-1.22 (4H, m), 0.86 (3H, t, J = 7.4 Hz); FAB MS m/z 345
[M+H]+.

1-(1-Cyclohexyl-3,4-dihydroisoquinolin-2(1 A)-y1)-2-{[(2 B)-2-hydroxypropyllamino}eth
anone oxalate (40a)

Compound 40a was synthesized using a similar protocol to that for compound 37.
Compound 40a was obtained in 68% yield as a colorless solid. 'H NMR (DMSO-ds):
This compound exists as a pair of rotamers at room temperature. §7.10-7.26 (4H, m),
5.01 (1H, d, J = 9.4 Hz), 4.28-4.34 (minor isomer 1H, m), 3.23-4.24 (5H, m),
2.69-3.04 (4H, m), 1.45-1.79 (6H, m), 0.93-1.27 (8H, m); FAB MS m/z 331 [M+H]*.
Anal. Caled for C20H30N202-C2H204.0.8H20: C, 60.76; H, 7.79; N, 6.44. Found: C,
60.73; H, 7.56; N, 6.41.

1-[(19-1-Cyclohexyl-3,4-dihydroisoquinolin-2(1 H)-yl]-2-{[(2 B)-2-hydroxypropyllamin
ojethanone fumarate ((1.9)-40a)

Compound (1.9)-40a was synthesized using a similar protocol to that for compound
40a, except that (1.9-cyclohexyl-1,2,3,4-tetrahydroisoquinoline3® was used as a
starting material. Compound (15)-40a was obtained in 37% yield as a colorless solid.
1H NMR (DMSO-d): §7.07-7.25 (4H, m), 6.53 (fumaric acid 2H, s), 5.12 (1H, d, J=
9.3 Hz), 2.29-3.93 (9H, m), 1.42-1.78 (6H, m), 0.89-1.29 (8H, m); FAB MS m/z 331
[M+H]*. Anal. Caled for C20H30N202C4H404.0.1H20: C, 64.29; H, 7.69; N, 6.25.
Found: C, 64.24; H, 7.69; N, 6.21. [a]20p —=30.7° (c = 0.1, MeOH).

1-(1-Cyclohexyl-7-ethyl-3,4-dihydroisoquinolin-2(1 A)-y1)-2-{[(2 B)-2-hydroxypropylla
minojethanone oxalate (40b)

Compound 40b was synthesized using a similar protocol to that for compound 37.
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Compound 40b was obtained in 67% yield as a colorless solid. 1H NMR (DMSO-d):
This compound exists as a pair of rotamers at room temperature. §7.17 (1H, d, J =
7.8 Hz), 7.03-7.09 (1H, m), 6.97 (1H, m), 5.07 (major isomer 1H, d, J = 9.4 Hz),
4.25-4.31 (minor isomer 1H, m), 4.09-4.22 (1H, m), 3.91-4.05 (2H, m), 3.61-3.70
(major isomer 1H, m), 3.50—3.60 (major isomer 1H, m), 3.28—3.37 (minor isomer 1H,
m), 2.70-2.99 (4H, m), 2.51-2.61 (2H, m), 1.48-1.78 (6H, m), 0.95-1.21 (11H, m); ESI
MS m/z 359 [M+H]-*.

1-(1-Cyclohexyl-7-isopropyl-3,4-dihydroisoquinolin-2(1 H)-yD)-2-{[(2 B)-2-hydroxyprop
yllamino}ethanone oxalate (40c)

Compound 40c was synthesized using a similar protocol to that for compound 37.
Compound 40c was obtained in 69% yield as a colorless solid. 1TH NMR (DMSO-d):
This compound exists as a pair of rotamers at room temperature. §7.06—7.15 (2H, m),
6.96-7.02 (1H, m), 5.07 (1H, d, J = 9.5 Hz), 3.89-4.33 (4H, m), 3.48-3.70 (2H, m),
3.26-3.38 (minor isomer 1H, m), 2.69-2.99 (6H, m), 1.47-1.81 (8H, m), 0.95-1.23
(18H, m); FAB MS m/z 373 [M+H]~.

1-Cyclohexyl-2-{\*[(2 B)-2-hydroxypropyllglycyl}-1,2,3,4-tetrahydroisoquinoline-6-car
bonitrile oxalate (40d)

Compound 40d was synthesized using a similar protocol to that for compound 37.
Compound 40d was obtained in 56% yield as a colorless solid. 1H NMR (DMSO-d):
This compound exists as a pair of rotamers at room temperature. § 7.74 (1H, brs),
7.61-7.71 (1H, m), 7.36-7.44 (1H, m), 5.22 (major isomer 1H, d, J = 9.2 Hz),
4.44—4.53 (minor isomer 1H, m), 4.20—4.30 (minor isomer 1H, m), 4.16 (major isomer
1H, d, J = 16.2 Hz), 3.90-4.09 (2H, m), 3.56-3.73 (major isomer 2H, m), 3.29-3.38
(minor isomer 1H, m), 2.86-3.07 (3H, m), 2.69-2.82 (1H, m), 1.38-1.78 (6H, m),
0.89-1.25 (8H, m); FAB MS m/z 356 [M+H]*.

83



1-Cyclohexyl-2-{ -[(2 B)-2-hydroxypropyllglycyl}-1,2,3,4-tetrahydroisoquinoline-7-car
bonitrile oxalate (40e)

Compound 40e was synthesized using a similar protocol to that for compound 37.
Compound 40e was obtained in 60% yield as a colorless solid. 1TH NMR (DMSO-d):
This compound exists as a pair of rotamers at room temperature. §7.66—7.75 (2H, m),
7.63 (minor isomer 1H, brs), 7.38—7.48 (1H, m), 5.20 (major isomer 1H, d, J= 9.4 Hz),
4.40—4.48 (minor isomer 1H, m), 4.20-4.29 (1H, m), 4.15 (major isomer 1H, d, J =
16.1 Hz), 3.90-4.09 (2H, m), 3.56—3.73 (major isomer 2H, m), 3.30-3.39 (minor
isomer 1H, m), 3.07 (2H, t, J = 6.1 Hz), 2.85-3.00 (1H, m), 2.68-2.82 (1H, m),
1.37-1.79 (6H, m), 0.92-1.25 (8H, m); FAB MS m/z 356 [M+H]".

1-(1-Cyclohexyl-3,4-dihydroisoquinolin-2(1 A)-y1)-2-{[(2.9)-2-hydroxypropyllamino}eth
anone oxalate (41)

Compound 41 was synthesized using a similar protocol to that for compound 37.
Compound 41 was obtained in 66% yield as a colorless solid. 1TH NMR (DMSO-dk):
This compound exists as a pair of rotamers at room temperature. §7.09-7.27 (4H, m),
5.11 (major isomer 1H, d, J= 9.4 Hz) 3.25-4.36 (5H, m), 2.67-3.08 (4H, m), 1.45-1.78
(6H, m), 0.91-1.26 (8H, m); FAB MS m/z 331 [M+H]".

1-(1-Cyclohexyl-3,4-dihydroisoquinolin-2(1 H)-y1)-2-{[(2.9-1-hydroxy-3,3-dimethylbut
an-2-yllamino}ethanone oxalate (42)

Compound 42 was synthesized using a similar protocol to that for compound 37.
Compound 42 was obtained in 68% yield as a colorless solid. 1H NMR (DMSO-d):
This compound exists as a pair of rotamers at room temperature. §7.09-7.26 (4H, m),
5.12 (major isomer 1H, d, J = 9.0 Hz), 3.53—-4.45 (7H, m), 2.85-3.07 (2H, m),
1.45-1.79 (6H, m), 0.90-1.24 (14H, m); FAB MS m/z 373 [M+H]-".

1-(1-Cyclohexyl-3,4-dihydroisoquinolin-2(1 A)-y1)-2-{[(2.9)-1-hydroxy-4-methylpentan-
2-yllamino}ethanone oxalate (43)

Compound 43 was synthesized using a similar protocol to that for compound 37.
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Compound 43 was obtained in 68% yield as a colorless solid. 1H NMR (DMSO-d):
This compound exists as a pair of rotamers at room temperature. §7.10-7.26 (4H, m),
5.12 (major isomer 1H, dd, J = 1.6, 9.4 Hz), 4.41 (minor isomer 1H, d, J= 9.3 Hz),
2.79-4.31 (9H, m), 1.31-1.79 (9H, m), 0.95-1.26 (5H, m), 0.76-0.93 (6H, m); FAB MS
m/z 373 [M+H]*.

1-(1-Cyclohexyl-5-fluoro-3,4-dihydroisoquinolin-2(1 A)-yl)-2-{[(2 B)-2-hydroxypropylla
mino}ethanone oxalate (40f)

To a solution of compound 39f (1.30 g) in ethyl acetate (20 mL) and saturated
aqueous sodium bicarbonate (25 mL) was added a solution of chloroacetyl chloride
(0.75 mL) in ethyl acetate (5 mL) at 4 °C, and the reaction mixture was stirred at
room temperature for 1 hour. The mixture was diluted with water, extracted with
ethyl acetate, dried over magnesium sulfate and concentrated in vacuo to give
2-chloro-1-(1-cyclohexyl-5-fluoro-3,4-dihydroisoquinolin-2(1 A)-ylethanone (971 mg
65%) as a colorless solid. FAB MS m/z 310 [M+H]*. To a solution of compound
2-chloro-1-(1-cyclohexyl-5-fluoro-3,4-dihydroisoquinolin-2(1 A)-yl)ethanone (290 mg)
in acetonitrile (10 mL) was added potassium carbonate (736 mg),
(2R)-1-amino-propanol (300 mg) and N, N, N-tributyl-1-butanaminium iodide (36 mg).
The reaction mixture was stirred for 7 hours at 70 °C. The mixture was diluted with
ethyl acetate and water, extracted with ethyl acetate, washed with brine, dried over
magnesium sulfate and then concentrated in vacuo. The residue was purified by
silica gel column chromatography, eluting with chloroform—methanol to give the
desired product as a colorless oil (270 mg). The oil was dissolved in a solution of
2-propanol and ether, and oxalic acid (70 mg) was added to the solution. The
precipitate was filtered off to obtain the title compound 40f (290 mg, 68%) as a
colorless solid. TH NMR (DMSO-ds): This compound exists as a pair of rotamers at
room temperature. §7.17-7.27 (1H, m), 6.98-7.14 (2H, m), 5.18 (major isomer 1H, d,
J=9.3 Hz), 4.36—4.46 (minor isomer 1H, m), 4.18 (major isomer 1H, dd, J= 2.5, 13.6
Hz), 3.91-4.09 (2H, m), 3.67-3.77 (major isomer 1H, m), 3.54—3.64 (major isomer 1H,

m), 3.22—3.32 (minor isomer 1H, m), 2.65-3.05 (4H, m), 1.48-1.79 (6H, m), 0.92-1.23
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(8H, m); FAB MS m/z 349 [M+H]*.

1-(1-Cyclohexyl-5-methoxy-3,4-dihydroisoquinolin-2(1 A)-y1)-2-{[(2 B)-2-hydroxy
propyllamino}ethanone oxalate (40g)

Compound 40g was synthesized using a similar protocol to that for compound 40f.
Compound 40g was obtained in 20% yield as a colorless solid. TH NMR (DMSO-d):
This compound exists as a pair of rotamers at room temperature. §7.33—7.40 (1H, m),
7.14 (1H, t, J = 7.9 Hz), 6.84-6.91 (1H, m), 6.76 (1H, d, J/ = 7.7 Hz), 5.09 (major
isomer 1H, d, J= 9.3 Hz), 4.32—4.41 (minor isomer 1H, m), 4.26—4.31 (minor isomer
1H, m), 4.17 (1H, d, J = 16.1 Hz), 3.89-4.08 (3H, m), 3.51-3.71 (2H, m), 3.18-3.28
(minor isomer 1H, m), 3.78 (3H, s), 2.85-2.98 (1H, m), 2.65-2.81 (2H, m), 1.50-1.79
(6H, m), 0.91-1.22 (8H, m); FAB MS m/z 361 [M+H]*.

1-(1-Cyclohexyl-6-fluoro-3,4-dihydroisoquinolin-2(1 H)-y1)-2-{[(2 R)-2-hydroxypropylla
minojethanone oxalate (40h)

Compound 40h was synthesized using a similar protocol to that for compound 40f.
Compound 40h was obtained in 68% yield as a colorless solid. 1H NMR (DMSO-d):
This compound exists as a pair of rotamers at room temperature. §7.16—7.25 (1H, m),
6.96—7.13 (2H, m), 5.12 (major isomer 1H, d, /= 9.4 Hz), 4.31-4.40 (minor isomer 1H,
m), 4.10-4.26 (1H, m), 3.90-4.07 (2H, m), 3.51-3.69 (major isomer 2H, m), 3.26—3.37
(minor isomer 1H, m), 2.69-3.06 (4H, m), 1.42-1.79 (6H, m), 0.90-1.23 (8H, m); FAB
MS m/z 349 [M+H]+.

1-(1-Cyclohexyl-6-methyl-3,4-dihydroisoquinolin-2(1 H)-yl)-2-{[(2 B)-2-hydroxypropyl]
aminojethanone oxalate (401)

Compound 40i was synthesized using a similar protocol to that for compound 40f.
Compound 40i was obtained in 94% yield as a colorless solid. 'H NMR (DMSO-ds):
This compound exists as a pair of rotamers at room temperature. §6.94—7.06 (3H, m),
5.06 (major isomer 1H, d, J = 9.3 Hz), 4.09-4.31 (1H, m), 3.90-4.06 (2H, m),

3.49-3.70 (major isomer 2H, m), 3.26—3.40 (minor isomer 1H, m), 2.68—3.00 (4H, m),
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2.26 (3H, s), 1.47-1.81 (6H, m), 0.92-1.23 (8H, m); FAB MS m/z 345 [M+H]".

1-(1-Cyclohexyl-6-methoxy-3,4-dihydroisoquinolin-2(1 H)-y1)-2-{[(2 B)-2-hydroxypropy
llamino}ethanone oxalate (40j)

Compound 40j was synthesized using a similar protocol to that for compound 40f.
Compound 40j was obtained in 68% yield as a colorless solid. 'H NMR (DMSO-dk):
This compound exists as a pair of rotamers at room temperature. §7.01-7.09 (1H, m),
6.77-6.81 (1H, m), 6.70-6.76 (1H, m), 5.05 (major isomer 1H, d, J = 9.3 H2),
4.27-4.33 (minor isomer 1H, m), 4.15—4.24 (minor isomer 1H, m), 3.94 (minor isomer
1H, d, J = 7.0 Hz), 3.73-3.92 (2H, m), 3.72 (3H, s), 3.52-3.66 (2H, m), 3.22-3.30
(minor isomer 1H, m), 2.57-2.98 (4H, m), 1.47-1.75 (6H, m), 0.95-1.17 (8H, m); FAB
MS m/z 361 [M+H]*.

1-Cyclohexyl-2-{\*[(2 B)-2-hydroxypropyllglycyl}-1,2,3,4-tetrahydroisoquinoline-6-car
boxamide oxalate (40k)

Compound 40k was synthesized using a similar protocol to that for compound 40f.
Compound 40k was obtained in 32% yield as a colorless solid. 1H NMR (DMSO-d):
This compound exists as a pair of rotamers at room temperature. § 7.92 (1H, brs),
7.73 (1H, brs), 7.64-7.71 (1H, m), 7.33 (1H, brs), 7.20-7.27 (1H, m), 5.17 (major
isomer 1H, d, J= 9.2 Hz), 4.35—4.44 (minor isomer 1H, m), 4.20—-4.31 (minor isomer
1H, m), 4.15 (major isomer 1H, d, /= 16.1 Hz), 3.89-4.07 (2H, m), 3.55—3.73 (major
isomer 2H, m), 3.30-3.42 (1H, m), 2.84-3.07 (3H, m), 2.64-2.81 (1H, m), 1.44-1.79
(6H, m), 0.94-1.21 (8H, m); FAB MS m/z 361 [M+H]*.

1-(1-Cyclohexyl-7-fluoro-3,4-dihydroisoquinolin-2(1 AH)-y1)-2-{[(2 B)-2-hydroxypropylla
mino}ethanone oxalate (401)

Compound 401 was synthesized using a similar protocol to that for compound 40f.
Compound 401 was obtained in 97% yield as a colorless solid. tH NMR (DMSO-d):
This compound exists as a pair of rotamers at room temperature. §7.18-7.31 (1H, m),

6.99-7.13 (2H, m), 5.15 (major isomer 1H, d, J= 9.2 Hz), 4.33—4.41 (minor isomer 1H,
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m), 4.09-4.24 (1H, m), 3.90-4.08 (2H, m), 3.53-3.71 (major isomer 2H, m), 3.28-3.38
(minor isomer 1H, m), 2.69-3.00 (4H, m), 1.43-1.78 (6H, m), 0.94-1.25 (8H, m); FAB
MS m/z 349 [M+H]*.

1-(1-Cyclohexyl-7-methyl-3,4-dihydroisoquinolin-2(1 A)-y1)-2-{[(2 B)-2-hydroxypropyl]
amino}ethanone oxalate (40m)

Compound 40m was synthesized using a similar protocol to that for compound 40f.
Compound 40m was obtained in 91% yield as a colorless solid. 'H NMR (DMSO-d):
This compound exists as a pair of rotamers at room temperature. §7.09 (1H, d, J=
7.8 Hz), 7.04 (1H, d, J= 7.7 Hz), 6.96 (1H, s), 5.05 (major isomer 1H, d, /= 9.3 Hz),
4.23-4.29 (minor isomer 1H, m), 4.10-4.21 (1H, m), 3.91-4.06 (2H, m), 3.60—3.69
(major isomer 1H, m), 3.49-3.59 (major isomer 1H, m), 3.28—3.37 (minor isomer 1H,
m), 2.70-2.99 (4H, m), 2.28 (minor isomer 3H, s), 2.27 (major isomer 3H, s),

1.47-1.77 (6H, m), 0.94-1.22 (8H, m); FAB MS m/z 345 [M+H]*.

1-(1-Cyclohexyl-7-methoxy-3,4-dihydroisoquinolin-2(1 A)-y1)-2-{[(2 B)-2-hydroxypropy
llamino}ethanone oxalate (40n)

Compound 40n was synthesized using a similar protocol to that for compound 40f.
Compound 40n was obtained in 64% yield as a colorless solid. 'H NMR (DMSO-ds):
This compound exists as a pair of rotamers at room temperature. §7.06—7.15 (1H, m),
6.77-6.85 (1H, m), 6.71-6.76 (1H, m), 5.09 (major isomer 1H, d, J = 9.2 Hz),
4.27-4.35 (minor isomer 1H, m), 3.87-4.19 (2H, m), 3.73 (minor isomer 3H, s), 3.72
(major isomer 3H, s), 3.49-3.68 (2H, m), 3.28-3.37 (minor isomer 1H, m), 2.68-2.95
(4H, m), 1.48-1.77 (6H, m), 0.96-1.20 (8H, m); FAB MS m/z 361 [M+H]*.

1-(1-Cyclohexyl-8-fluoro-3,4-dihydroisoquinolin-2(1 H)-y1)-2-{[(2 B)-2-hydroxypropyl]
aminojethanone oxalate (400)

Compound 400 was synthesized using a similar protocol to that for compound 40f.
Compound 400 was obtained in 63% yield as a colorless solid. 'H NMR (DMSO-d):

This compound exists as a pair of rotamers at room temperature. §7.23-7.32 (1H, m),
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7.02-7.15 (2H, m), 5.47 (major isomer 1H, d, /= 10.0 Hz), 4.51 (minor isomer 1H, d, J
= 8.7 Hz), 3.91-4.22 (3H, m), 3.69-3.79 (major isomer 1H, m), 3.49-3.60 (major
isomer 1H, m), 3.36—3.45 (minor isomer 1H, s), 2.86—-3.14 (3H, m), 2.69-2.83 (1H, m),
1.52-1.83 (5H, m), 1.30-1.43 (1H, m), 0.97-1.24 (8H, m); ESI MS m/z 349 [M+H]*.

1-(1-Cyclohexyl-8-methoxy-3,4-dihydroisoquinolin-2(1 A)-y1)-2-{[(2 R)-2-hydroxypropy
llamino}ethanone oxalate (40p)

Compound 40p was synthesized using a similar protocol to that for compound 40f.
Compound 40p was obtained in 59% yield as a colorless solid. 1H NMR (DMSO-d):
This compound exists as a pair of rotamers at room temperature. §7.15-7.24 (1H, m),
6.78-6.91 (2H, m), 5.61 (major isomer 1H, d, /= 10.0 Hz), 5.60 (minor isomer 1H, d, J
= 9.8 Hz), 3.83—4.18 (3H, m), 3.80 (minor isomer 3H, s), 3.77 (major isomer 3H, s),
3.68-3.76 (1H, m), 3.37-3.48 (1H, m), 2.70-3.12 (4H, m), 1.51-1.77 (5H, m),
1.25-1.35 (1H, m), 0.96-1.21 (8H, m); FAB MS m/z 361 [M+H]".

2-{[(2B)-2-Hydroxypropyllamino}-1-[(1.9)-1-phenyl-3,4-dihydroisoquinolin-2(1 AH)-yl]
ethanone oxalate ((15)-45a)

Compound (15)-45a was synthesized using a similar protocol to that for compound
40f. Compound (15)-45a was obtained in 45% yield as a colorless solid. 1H NMR
(DMSO-db): This compound exists as a pair of rotamers at room temperature. &
7.15-7.40 (9H, m), 6.66 (major isomer 1H, s), 6.17 (minor isomer 1H, brs), 4.38
(minor isomer 1H, d, J= 16.1 Hz), 4.22 (major isomer 1H, d, J= 16.2 Hz), 3.89-4.16
(2H, m), 3.60-3.70 (1H, m), 3.47-3.58 (1H, m), 3.35-3.45 (1H, m), 2.93-3.06 (2H, m),
2.72-2.91 (2H, m), 1.04-1.14 (3H, m); FAB MS m/z 325 [M+H]*. Anal. Calcd for
C20H24N202 -C2H204: C, 63.76; H, 6.32; N, 6.76. Found: C, 63.69; H, 6.33; N, 6.71.
[a]26p +115.2° (¢ = 0.1, MeOH).

1-(8-Fluoro-1-phenyl-3,4-dihydroisoquinolin-2(1 H)-yD)-2-{[(2 B)-2-hydroxypropyll
aminojethanone oxalate (45b)

Compound 45b was synthesized using a similar protocol to that for compound 40f.
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Compound 45b was obtained in 48% yield as a colorless solid. 1H NMR (DMSO-ds):
This compound exists as a pair of rotamers at room temperature. §7.26—7.43 (4H, m),
7.07-7.23 (4H, m), 6.87 (major isomer 1H, brs), 6.17 (minor isomer 1H, d, J= 6.8 Hz),
4.42—4.51 (minor isomer 1H, m), 4.07-4.31 (2H, m), 3.93—4.04 (1H, m), 3.63-3.73 (1H,
m), 3.30-3.42 (1H, m), 2.74-3.15 (4H, m), 1.10 (major isomer 3H, d, /= 6.2 Hz), 1.04
(minor isomer 3H, d, /= 6.2 Hz) ; ESI MS m/z 343 [M+H]*.

2-{[(2R)-2-Hydroxypropyllamino}-1-(8-methyl-1-phenyl-3,4-dihydroisoquinolin-2(1 H)
-ylDethanone oxalate (45c)

Compound 45c¢ was synthesized using a similar protocol to that for compound 40f.
Compound 45¢ was obtained in 44% yield as a colorless solid. '1H NMR (DMSO-ds):
This compound exists as a pair of rotamers at room temperature. §7.19-4.40 (4H, m),
7.01-7.17 (4H, m), 6.80 (major isomer 1H, brs), 5.96 (minor isomer 1H, brs), 4.41
(minor isomer 1H, brs), 3.92-4.22 (3H, m), 3.56-3.68 (1H, m), 3.28-3.39 (1H, m),
2.90-3.09 (2H, m), 2.70-2.89 (2H, m), 2.10 (minor isomer 3H, d, J = 5.1 Hz), 2.03
(major isomer 3H, d, J= 3.4 Hz), 1.11 (3H, d, J= 6.2 Hz); ESI MS m/z 339 [M+H]*.

2-{[(2B)-2-Hydroxypropyllamino}-1-[(1.9)-8-methoxy-1-phenyl-3,4-dihydroisoquinolin
-2(1 H)-yllethanone oxalate ((1.5)-45d)

Compound (159)-45d was synthesized using a similar protocol to that for compound
40f. Compound (15)-45d was obtained in 85% yield as a colorless solid. 'H NMR
(DMSO-ds): This compound exists as a pair of rotamers at room temperature. &
7.21-7.36 (4H, m), 7.14 (minor isomer 2H, d, J= 7.2 Hz), 7.08 (major isomer 2H, d, J
= 7.1 Hz), 6.91-6.98 (1H, m), 6.84-6.90 (2H, m), 6.06 (minor isomer 1H, brs),
4.03—4.34 (2H, m), 3.93-4.03 (1H, m), 3.72 (minor isomer 3H, s), 3.71 (major isomer
3H, s), 3.53-3.63 (1H, m), 3.32-3.43 (1H, m), 2.91-3.05 (2H, m), 2.69-2.84 (2H, m),
1.07-1.13 (3H, m), 1.04 (1H, d, J= 6.2 Hz); FAB MS m/z 355 [M+H]*. Anal. Calcd for
C21H26N203-C2H204: C, 62.15; H, 6.35; N, 6.30. Found: C, 61.92; H, 6.39; N, 6.22.
[a]26p +97.8° (c = 0.1, MeOH).

90



2-{[(2R)-2-Hydroxypropyllamino}-1-[(1A)-8-methoxy-1-phenyl-3,4-dihydroisoquinolin
-2(1 H)-yllethanone fumarate ((1£)-45d)

Compound (1/)-45d was synthesized using a similar protocol to that for compound
40f. Compound (1£)-45d was obtained in 41% yield as a colorless solid. 'H NMR
(DMSO-db): This compound exists as a pair of rotamers at room temperature. &
7.19-7.34 (4H, m), 7.13 (minor isomer 2H, d, J= 7.2 Hz), 7.06 (major isomer 2H, d,
= 7.3 Hz), 6.82—-6.97 (3H, m), 6.52 (fumaric acid 2H, s), 6.17 (minor isomer 1H, brs),
3.75-3.97 (3H, m), 3.73 (minor isomer 3H, s), 3.70 (major isomer 3H, s), 3.58—3.66
(1H, m), 3.29-3.49 (1H, m), 2.90-3.02 (1H, m), 2.61-2.78 (3H, m), 1.01-1.10 (3H, m);
FAB MS m/z 355 [M+H]*. Anal. Calcd for C21H26N203-CsH404: C, 63.82; H, 6.43; N,
5.95. Found: C, 63.64; H, 6.42; N, 5.88. [a]26p —153.2° (¢ = 0.1, MeOH).

Preparations of 25b—25e, 24f—24p, 44b, 44c, (.9-44d, and (R)-44d

Scheme 5. Preparation of chloroacetamide 25b

o e
91% 70%
46b

25b

Reagents and conditions: (a) cyclohexanecarbonyl chloride, sat. NaHCOs aq., AcOEt,
rt, 3 h; (b) @) FeCls, (COCD2, 1,2-DCE, rt, 17 h; (i) conc. H2SO4, MeOH, reflux, 18 h;
(c) NaBH4, EtOH, rt, 1 h; (d) chloroacetyl chloride, K2COs, H2O, AcOEt, rt, 1 h.

1-Cyclohexyl-7-ethyl-3,4-dihydroisoquinoline (47b)

To a solution of compound 46b (4.95 g) in ethyl acetate (25 mL) and saturated
aqueous sodium bicarbonate (30 mL) was added a solution of cyclohexanecarbonyl
chloride (4.95 mL) in ethyl acetate (5 mL) at 4 °C, and the reaction mixture was
stirred at room temperature for 3 hours. The reaction mixture was diluted with
water, extracted with ethyl acetate, washed with 1 M aqueous sodium hydroxide
solution and water, dried over magnesium sulfate and concentrated in vacuo to give

N-[2-(4-ethylphenyl)ethyllcyclohexanecarboxamide (7.85 g, 91%) as a colorless solid.
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ESI MS m/z 260 [M+H]*. (The following cyclization to obtain 47b was carried out
under the modified Bischler-Napieralski reaction condition3®) To a solution of
compound  N-[2-(4-ethylphenyl)ethyllcyclohexanecarboxamide (7.83 g) in
1,2-dichloroethane (200 mL) was added oxalyl chloride (3.16 mL) at 4 °C. After the
reaction mixture was stirred at room temperature for 1 hour, ferric chloride (5.9 g)
was added to the mixture at 4 °C. The mixture was stirred at room temperature for
16 hours. The reaction was quenched by the addition of 1 M aqueous hydrochloric
acid solution, extracted with chloroform, washed with water and brine, dried over
magnesium sulfate and concentrated in vacuo to obtain
10b-cyclohexyl-9-ethyl-6,10 b-dihydro-5H-[1,3loxazolo[2,3- alisoquinoline-2,3-dione
(9.46 g quant.). ESI MS m/z 314 [M+H]*. To a solution of concentrated sulfuric acid
(27.7 mL) in methanol (115 mL) was added
104-cyclohexyl-9-ethyl-6,10 -dihydro-5H-[1,3]oxazolo[2,3- alisoquinoline-2,3-dione
(9.46 g) and the mixture was heated under reflux for 18 hours. The mixture was
concentrated 1n vacuo and neutralized with 1 M aqueous sodium hydroxide solution,
extracted with chloroform, dried over magnesium sulfate and concentrated in vacuo
to obtain the title compound 47b (7.3 g, quant.) as a brown oil. !H NMR (400 MHz
CDCly): §7.33 (1H, brs), 7.06-7.21 (2H, m), 3.64 (2H, t, /= 7.5 Hz), 2.86-2.95 (1H, m),
2.56-2.71 (4H, m), 1.69-1.95 (5H, m), 1.16-1.52 (8H, m); FAB MS m/z 242 [M+H]*.

2-Chloro-1-(1-cyclohexyl-7-ethyl-3,4-dihydroisoquinolin-2(1 A)-yl)ethanone (25b)

To a solution of 47b (2.61 g) in methanol (15 mL) was added sodium borohydride (458
mg) at 4 °C. The reaction mixture was stirred at room temperature for 1 hour. The
reaction was quenched by the addition of water, extracted with ethyl acetate, washed
with water and brine, dried over magnesium sulfate and then concentrated in vacuo.
The residue was dissolved in ethyl acetate and added to a solution of 4 M hydrogen
chloride in ethyl acetate (9.35 mL) at 4 °C. The precipitate was filtered off and
washed with ethyl acetate to give a colorless solid (6.42 g, 74%), which was used for
the next step without further purification. A part of the solid (842 mg) was dissolved

in ethyl acetate (20 mL) and saturated aqueous sodium bicarbonate (15 mL) and a
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solution of chloroacetyl chloride (0.27 mL) in ethyl acetate (5 mL) was added at 4 °C.
After stirred at room temperature for 1 hour, the mixture was diluted with water,
extracted with ethyl acetate, dried over magnesium sulfate and concentrated in
vacuo to give the title compound 25b (917 mg, 95%) as a colorless solid. 'TH NMR
(CDCls): This compound exists as a pair of rotamers at room temperature. &
7.02—7.11 (2H, m), 6.94 (major isomer 1H, brs), 6.88 (minor isomer 1H, brs), 5.23 (1H,
d, J=9.0 Hz), 4.33—4.43 (minor isomer 1H, m), 4.07-4.31 (2H, m), 3.70—3.87 (major
2H, m), 3.30-3.44 (minor isomer 1H, m), 2.84-3.06 (2H, m), 2.54-2.70 (2H, m),
1.53-1.90 (6H, m), 0.98-1.33 (8H, m); FAB MS m/z 320 [M+H]*.

Scheme 6. Preparation of chloroacetamide 25¢

Br

47e 25¢c

Reagents and conditions: (a) (i) tributyl(1-ethoxyvinyDtin, Pd(PPhs)s, KF, 1,4-dioxane,
80 °C, 18 h; (ii) then, 4 M HCl/1,4-dioxane 80 °C, 30 min; (b) (i) Tebbe reagent, THF,
rt, 45 min; (ii) Hz, 20% Pd(OH)2/C, EtOH, rt, 13 h; (c) chloroacetyl chloride, K2COs,
H20, AcOEt, rt, 1 h.

The synthesis of 47e was described in the preparation of chloroacetamide 25e.

1-(1-Cyclohexyl-3,4-dihydroisoquinolin-7-yl)ethanone (48)

To a solution of compound 47e (3.85 g in 1,4-dioxane (80 mlL) was added
tetrakis(triphenylphosphine)palladium(0) (3.04 g), tributyl(1-ethoxyvinyl)tin4® (9.52
g), and potassium fluoride (2.30 g), and the reaction mixture was stirred at 80 °C for
18 hours. After the mixture was filtered through a celite pad, 4 M hydrogen chloride
in ethyl acetate was added to the filtrate. The mixture was stirred at 80 °C for 30
minutes and then concentrated in vacuo. 1 M Aqueous hydrogen chloride solution

was added to the residue and washed with diisopropylether. The liquid phase was
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basified with 1 M aqueous sodium hydroxide solution, extracted with chloroform,
dried over magnesium sulfate and concentrated in vacuo. The residue was purified
by column chromatography, eluting with hexane—ethyl acetate to obtain compound
48 (2.22 g, 66%) as a colorless solid. 1H NMR (CDCls): §8.11 (1H, d, J= 1.2 Hz), 7.92
(1H, dd, J= 1.7, 7.8 Hz), 7.29 (1H, d, J= 7.8 Hz), 3.68 (2H, t, J= 7.6 Hz), 2.99 (1H,
brs), 2.71 (2H, t, /= 7.1 Hz), 2.63 (3H, s), 1.70-1.97 (5H, m), 1.19-1.53 (5H, m); FAB
MS m/z 256 [M+H]*.

2-Chloro-1-(1-cyclohexyl-7-isopropyl-3,4-dihydroisoquinolin-2(1 H)-yl)ethanone (25c¢)

To a solution of compound 48 (600 mg) in tetrahydrofuran (6 mL) was added Tebbe
reagent (0.5 M in toluene 4.7ml), and the reaction mixture was stirred at room
temperature for 45 minutes. The mixture was diluted with ether, quenched by the
addition of 10 drops of 1 M aqueous sodium hydroxide solution and dried over sodium
sulfate. After the mixture was filtered through a celite pad, the filtrate was
concentrated in vacuo. The residue was dissolved in ethanol (8 mL) and added with
20% palladium hydroxide on carbon (900 mg) under an argon atmosphere. The
mixture was stirred at room temperature under a hydrogen atmosphere for 13 hours.
The mixture was filtered through a celite pad and the filtrate was concentrated in
vacuo. The residue was dissolved in ethyl acetate (5 mL) and saturated aqueous
sodium bicarbonate (8 mL) was added to a solution of cyclohexanecarbonyl chloride
(0.19 mL) in ethyl acetate (3 mL) at 4 °C, and the reaction mixture was stirred at
room temperature for 3 hours. The reaction mixture was diluted with water,
extracted with ethyl acetate, washed with 1 M aqueous sodium hydroxide and water,
dried over magnesium sulfate and concentrated in vacuo. The residue was purified
by column chromatography, eluting with hexane—ethyl acetate to obtain compound
25¢ (186 mg, 24%) as a colorless solid. 'H NMR (CDCls): This compound exists as a
pair of rotamers at room temperature. §7.26 (1H, d, J=2.0 Hz), 7.04-7.12 (2H, m),
6.96 (major isomer 1H, brs), 6.89 (minor isomer 1H, brs), 5.24 (major isomer 1H, d, J

= 9.0 Hz), 4.33—-4.43 (minor isomer 1H, m), 4.05-4.31 (2H, m), 3.70-3.86 (major

94



isomer 2H, m), 3.31-3.43 (minor isomer 1H, m), 2.79-3.06 (4H, m), 1.54-1.90 (6H, m),
0.98-1.35 (5H, m); EI MS m/z 334 [M+H]*.

Scheme 7. Preparations of chloroacetamides 25d and 25e

il

46d: 3-Br 47d: 6-Br (85%) 49d: 6-CN (95%) 250: 6-CN (64%)
46e: 4-Br 47e: 7-Br (85%) 49e: 7-CN (93%) 25€: 7-CN (90%)

Reagents and conditions: (a) cyclohexanecarbonyl chloride, sat. NaHCOs aq., AcOEt,
rt, 3 h; (b) @) FeCls, (COCDg, 1,2-DCE, rt, 17 h; (i) conc. H2SO4, MeOH, reflux, 18 h;
() Zn(CN)z, Pda(dba)s, 1,1'-bis(diphenylphosphino)ferrocene, N-methylpyrrolidone,
120 °C, 18 h; (d) NaBH4, EtOH, rt, 1 h; (e) chloroacetyl chloride, K2COs, H20, AcOEt,

rt, 1 h.

6-Bromo-1-cyclohexyl-3,4-dihydroisoquinoline (47d)

Compound 47d was synthesized using a similar protocol to that for compound 47b.
Compound 47d was obtained in 85% yield as a colorless solid. 'H NMR (CDCls): &
7.32-7.51 (3H, m), 3.66 (2H, t, /= 7.6 Hz), 2.77-2.91 (1H, m), 2.64 (2H, t, J= 7.1 Ha),
1.68-1.96 (5H, m), 1.16-1.56 (5H, m); EST MS m/z 292 [M]*.

7-Bromo-1-cyclohexyl-3,4-dihydroisoquinoline (47e)

Compound 47e was synthesized using a similar protocol to that for compound 47b.
Compound 47e was obtained in 85% yield as a colorless solid. 1TH NMR (DMSO-db): &
7.71 (1H, d, J= 1.9 Hz), 7.56 (2H, dd, J = 2.0, 7.6 Hz), 7.23 (1H, d, J= 8.0 Hz), 3.52
(2H, t, J= 7.8 Hz), 2.94 (1H, t, J = 11.0 Hz), 2.47-2.58 (2H, m), 1.62-1.80 (5H, m),
1.08-1.49 (5H, m); FAB MS m/z 292 [M]*.
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1-Cyclohexyl-3,4-dihydroisoquinoline-6-carbonitrile (49d)

To a solution of 47d (570 mg) in MN-methylpyrrolidone (12 mL) was added
tris(dibenzylideneacetone)dipalladium(0) (90 mg),
1,1'-ferrocenebis(diphenylphosphine) (216 mg) and zinc cyanide (690 mg) under an
argon atmosphere. The reaction mixture was stirred at 120 °C for 18 hours. After the
mixture was filtered through celite pad, the filtrate was partitioned between ethyl
acetate and water, extracted with ethyl acetate, washed with brine, dried over
magnesium sulfate and then concentrated in vacuo. The residue was purified by
silica gel column chromatography, eluting with ethyl acetate—hexane to give the
desired product 49d (442 mg, 95%) as a colorless solid. 'H NMR (CDCls): §7.55—7.64
(2H, m), 7.49 (1H, brs), 3.67-3.73 (2H, m), 2.87 (1H, t, /= 7.6 Hz), 2.68 (2H, t, J= 7.6
Hz), 1.64-1.96 (5H, m), 1.17-1.51 (5H, m); FAB MS m/z 239 [M+H]*.

1-Cyclohexyl-3,4-dihydroisoquinoline-7-carbonitrile (49e)

Compound 49e was synthesized using a similar protocol to that for compound 49d.
Compound 49e was obtained in 93% yield as a colorless solid. 1H NMR (CDCls): §7.77
(1H, d, J= 1.3 Hz), 7.61 (2H, dd, J= 1.6, 7.74 Hz), 7.31 (1H, d, J= 7.7 Hz), 3.70 (2H,
dt, J= 0.8, 7.4 Hz), 2.77-2.89 (1H, m), 2.71 (2H, t, /= 7.2 Hz), 1.69-1.95 (5H, m),
1.18-1.52 (5H, m); EI MS m/z 238 [M]*.

2-(Chloroacetyl)-1-cyclohexyl-1,2,3,4-tetrahydroisoquinoline-6-carbonitrile (25d)
Compound 25d was synthesized using a similar protocol to that for compound 25b.
Compound 25d was obtained in 64% yield as a colorless solid. '1H NMR (CDCls): This
compound exists as a pair of rotamers at room temperature. § 7.38-7.51 (2H, m),
7.13-7.25 (1H, m), 5.34 (major isomer 1H, d, J= 8.8 Hz), 4.34—4.53 (minor isomer 2H,
m), 4.21 (minor isomer 1H, d, J=12.2 Hz), 4.13 (2H, s), 3.73—3.41 (minor isomer 1H,
m), 2.93-3.11 (2H, m) 1.58-1.91 (6H, m), 0.97-1.27 (5H, m); FAB MS m/z 317
[M+H]*.
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2-(Chloroacetyl)-1-cyclohexyl-1,2,3,4-tetrahydroisoquinoline-7-carbonitrile (25e)

Compound 25e was synthesized using a similar protocol to that for compound 25b.

Compound 25e was obtained in 90% yield as a colorless solid. 'TH NMR (CDCls): This

compound exists as a pair of rotamers at room temperature. § 7.46-7.54 (1H, m),

7.42 (major isomer 1H, brs), 7.37 (minor isomer 1H, brs), 7.21-7.29 (1H, m), 5.30

(major isomer 1H, d, J= 9.0 Hz), 4.34—4.54 (minor isomer 1H, m), 4.36 (minor isomer

1H, d, J= 9.7 Hz), 4.22 (minor isomer 1H, d, J= 12.3 Hz), 4.13 (2H, s), 4.09 (minor

isomer 1H, t, J = 12.3 Hz), 3.73-3.92 (major isomer 2H, m), 1.50—1.90 (6H, m),

0.97-1.24 (5H, m); ESI MS m/z 317 [M+H]".

Scheme 8. Preparations of tetrahydroisoquinolines 24f-24j, 241-24n

R1 H R2
L@/\/N Ho a i ~__N borc,d NH
R —_— R2 —_—
53%98% o 36%81%

46f: Rb=F,R2=H

46g: R' =MeO, R =H

46h: RL=H,R?=3-F

46i: R' = H, R? = 3-Me
46j: Rt = H, R? = 3-MeO

46l: Rl =H, R2 = 4-F

46m: R' =H, R> =4-Me
46n: R' = H, R = 4-MeO

Reagents and conditions: (a) cyclohexanecarbonyl chloride, sat. NaHCOs aq., AcOEt,
rt, 3 h; (b) G) FeCls, (COCD2, 1,2-DCE, rt, 17 h; (i1) conc. H2SO4, MeOH, reflux, 18 h;

50f: R'=F,R?=H

50g: R'=MeO, R?=H
50h: Rl=H,R?=3-F
50i: R'=H, R? =3-Me
50j: R' =H, R? = 3-MeO
50 R'=H, R?=4-F
50m: R' =H, R> = 4-Me
50n: R =H, R? = 4-MeO

24f: RL=F R’=H

24g: R! = MeO, R2 = H
24h: R =H, R = 6-F
24i: Rt = H, R? = 6-Me
24j: RL = H, R = 6-MeO
24: Rt =H, R = 7-F
24m: Rt = H, R? = 7-Me
24n: Rt = H, R? = 7-MeO

(c) P205, POCIs, toluene, 120 °C, 5 h; (d) NaBH4, EtOH, rt, 1 h.

N-[2-(2-Fluorophenyl)ethyllcyclohexanecarboxamide (50f)

To a solution of compound 50f (3.13 g) in ethyl acetate (20 mL) and saturated
aqueous sodium hydrogen carbonate (30 ml) was added dropwise a solution of
cyclohexanecarbonyl chloride (3.36 mL) in ethyl acetate (10 mL) at 4 °C. The mixture
was stirred at room temperature for 3 hours. The mixture was then extracted with

ethyl acetate, washed with 1 M aqueous sodium hydroxide and water and dried over
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magnesium sulfate. The resulting mixture was concentrated in vacuo to give the title
compound 50f (4.9 g, 87%) as a colorless solid. 1H NMR (CDCls): §7.13-7.25 (2H, m),
6.97-7.12 (2H, m), 5.52 (1H, brs), 3.50 (2H, q, J = 6.4 Hz), 2.86 (2H, t, J = 6.8 Hz),
1.95-2.08 (1H, m), 1.56—1.88 (5H, m), 1.09-1.46 (5H, m); FAB MS m/z 250 [M+H]*.

MN-[2-(2-Methoxyphenyl)ethyllcyclohexanecarboxamide (50g)

Compound 50g was synthesized using a similar protocol to that for compound 50f.
Compound 50g was obtained in 91% yield as a colorless solid. '1H NMR (CDCls): &
7.18-7.29 (1H, m), 7.06-7.16 (1H, m), 6.82—6.96 (2H, m), 5.65 (1H, m), 3.76-3.90 (4H,
m), 3.48 (2H, q, J= 6.6 Hz), 2.82 (2H, t, J= 6.5 Hz), 1.92-2.06 (1H, m), 1.55-1.88 (5H,
m), 1.10-1.46 (5H, m); FAB MS m/z 262 [M+H]*.

N-[2-(3-Fluorophenyl)ethyllcyclohexanecarboxamide (50h)

Compound 50h was synthesized using a similar protocol to that for compound 50f.
Compound 50h was obtained in 87% yield as a colorless solid. '1H NMR (CDCls): &
7.17-7.34 (1H, m), 6.80-7.01 (2H, m), 5.43 (1H, brs), 3.50 (2H, q, J = 6.8 Hz), 2.81
(2H, t, J= 6.9 Hz), 1.91-2.10 (1H, m), 1.55-1.89 (5H, m), 1.06-1.48 (5H, m); FAB MS
m/z: 250 [M+H]*.

N-[2-(3-Methylphenyl)ethyllcyclohexanecarboxamide (50i)

Compound 501 was synthesized using a similar protocol to that for compound 50f.
Compound 50i was obtained in 83% yield as a colorless solid. 1H NMR (CDCls): §7.20
(1H, t, J = 7.4 Hz), 7.05 (1H, d, J = 7.6 Hz), 6.96-7.02 (2H, m), 5.41 (1H, brs),
3.45-3.55 (2H, m), 2.81 (2H, t, J = 6.6 Hz), 2.34 (3H, s), 2.01 (1H, t, /= 11.4 Ha),
1.58-1.87 (5H, m), 1.13-1.47 (5H, m); FAB MS m/z 246 [M+H]".

N-[2-(3-Methoxyphenyl)ethyllcyclohexanecarboxamide (505)

Compound 50j was synthesized using a similar protocol to that for compound 50f.
Compound 50j was obtained in 96% yield as a colorless solid. tH NMR (CDCls): §7.23
(1H, t, J="7.9 Hz), 6.77 (2H, d, J= 8.3 Hz), 6.73 (1H, brs), 5.42 (1H, brs), 3.81 (3H, s),
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3.51 (2H, q, J=6.4 Hz), 2.78 (2H, t, J=6.9 Hz), 1.94-2.07 (1H, m), 1.61-1.87 (5H, m),
1.12-1.46 (5H, m); FAB MS m/z 262 [M+H]*.

N-[2-(4-Fluorophenyl)ethyllcyclohexanecarboxamide (501)

Compound 501 was synthesized using a similar protocol to that for compound 50f.
Compound 501 was obtained in 98% yield as a colorless solid. 'TH NMR (CDCls): &
6.80—7.40 (4H, m), 5.43 (1H, brs), 3.47 (2H, q, J= 7.0 Hz), 2.78 (2H, t, J = 6.8 Hz),
0.98-2.20 (11H, m); FAB MS m/z 250 [M+]*.

N-[2-(4-Methylphenyl)ethyllcyclohexanecarboxamide (50m)

Compound 50m was synthesized with using a similar protocol to that for compound
50f. Compound 50m was obtained in 53% yield as a colorless solid. TH NMR (CDCls):
§7.04-7.16 (4H, m), 5.40 (1H, brs), 3.48 (2H, q, J= 6.8 Hz), 2.76 (2H, t, J= 6.8 Hz),
2.33 (3H, s), 1.95-2.05 (1H, m), 1.52-1.86 (6H, m), 1.14-1.45 (5H, m); FAB MS m/z
246 [M+H]*.

N-[2-(4-Methoxyphenyl)ethyllcyclohexanecarboxamide (50n)

Compound 50n was synthesized with using a similar protocol to that for compound
50f. Compound 50n was obtained in 95% yield as a colorless solid. 'H NMR (CDCls): &
7.26 (1H, brs), 7.10 (2H, d, /= 6.7 Hz), 6.85 (2H, d, J= 8.7 Hz), 5.43 (1H, brs), 3.80
(3H, s), 3.47 (2H, q, J= 6.8 Hz), 2.75 (2H, t, J= 6.8 Hz), 1.95-2.05 (1H, m), 1.71-1.86
(4H, m), 1.61-1.69 (1H, m), 1.31-1.46 (2H, m), 1.14-1.29 (3H, m); FAB MS m/z 262
[M+H]+.

1-Cyclohexyl-5-fluoro-1,2,3,4-tetrahydroisoquinoline hydrochloride (24f)

To a solution of compound 50f (4.89 g) in 1,2-dichloroethane (80 mL) was added
oxalyl chloride (2.05 mL) at 4 °C. After the reaction mixture was stirred at room
temperature for 1 hour, ferric chloride (3.82 g) was added to the mixture at 4 °C. The
mixture was stirred at room temperature for 16 hours. The reaction was quenched by

the addition of 1 M aqueous hydrochloric acid, extracted with chloroform, washed
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with water and brine, dried over magnesium sulfate and concentrated in vacuo to
obtain

10b-cyclohexyl-7-fluoro-6,10 b-dihydro-5 H-[1,3]oxazolo[2,3- alisoquinoline-2,3-dione
(5.95 g quant.) as a brown oil. FAB MS m/z 304 [M+H]*. To a solution of concentrated
sulfuric acid (18 mL) in methanol (72 mL) was added
10b-cyclohexyl-7-fluoro-6,104-dihydro-5H-[1,3]oxazolo[2,3- alisoquinoline-2,3-dione
(5.95 g) and the mixture was heated under reflux for 14 hours. The mixture was
concentrated in vacuo and neutralized with 1 M aqueous sodium hydroxide,
extracted with chloroform, dried over magnesium sulfate and concentrated in vacuo
to obtain 1-cyclohexyl-5-fluoro-3,4-dihydroisoquinoline (4.28 g, 94%) as a brown solid.
To a solution of 1-cyclohexyl-5-fluoro-3,4-dihydroisoquinoline (4.26 g) in methanol (80
mL) was added sodium borohydride (836 mg) at 4 °C. After the mixture was stirred
at room temperature for 5 hours, the mixture was concentrated in vacuo. The residue
was diluted with water, extracted with chloroform and dried over magnesium sulfate
and concentrated in vacuo. 4 M Hydrogen chloride in ethyl acetate (4.6 mL) was then
added to the residue. The precipitate was filtered off to give the title compound 24f
(3.76 g, 76%) as a pale yellow solid. 'H NMR (DMSO-ds): §9.95 (1H, brs), 8.95 (1H,
brs), 7.28-7.37 (1H, m), 7.15 (2H, t, J = 8.4 Hz), 4.43 (1H, brs), 3.34-3.51 (1H, m),
3.13-3.27 (1H, m), 2.84-3.04 (2H, m), 2.07 (1H, brs), 1.54-1.84 (4H, m), 1.01-1.46
(6H, m); FAB MS m/z 234 [M+H]*.

1-Cyclohexyl-5-methoxy-1,2,3,4-tetrahydroisoquinoline hydrochloride (24g)

To a solution of compound 50g (5.35 g) in toluene (150 mL) was added phosphorus
pentoxide (4.36 g) and phosphoryl chloride (5.7 mL). The mixture was stirred at
120 °C for 5 hours. After cooling to room temperature, the mixture was concentrated
in vacuo. 8 M aqueous potassium hydroxide was then added to the residue and
extracted with chloroform and washed with brine and dried over magnesium sulfate.
The mixture was concentrated in vacuo. The residue was purified by silica gel
column chromatography, eluting with methanol—-chloroform to obtain

1-cyclohexyl-5-methoxy-3,4-dihydroisoquinoline (1.8 g, 36%). FAB MS m/z 244
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[M-H]+. To a solution of 1-cyclohexyl-5-methoxy-3,4-dihydroisoquinoline (1.78 g) in
methanol (20 mL) was added sodium borohydride (332 mg) at 4 °C. After the mixture
was stirred at room temperature for 5 hours, the mixture was concentrated in vacuo.
The residue was diluted with water and extracted with chloroform and dried over
magnesium sulfate and concentrated in vacuo. The residue was dissolved in ethyl
acetate (5 mL) and 4 M hydrogen chloride in ethyl acetate (2 mL) was then added to
the mixture. The precipitate was filtered off to give the title compound 24g (2.06 g,
quant.) as a pale yellow solid. TH NMR (DMSO-ds): §10.31 (1H, brs), 8.87 (1H, brs),
7.21 (1H, t, J= 8.1 Hz), 6.76 (2H, d, J = 8.1 Hz), 4.34-4.53 (1H, m), 3.82 (3H, s),
3.67-3.78 (1H, m), 2.91-3.23 (3H, m), 1.09-1.94 (11H, m); FAB MS m/z 246 [M+H]*.

1-Cyclohexyl-6-fluoro-1,2,3,4-tetrahydroisoquinoline hydrochloride (24h)

Compound 24h was synthesized using a similar protocol to that for compound 24f.
Compound 24h was obtained in 72% yield as a colorless solid.'H NMR (DMSO-d): &
9.94 (1H, brs), 8.90 (1H, brs), 7.34 (1H, q, J= 5.6 Hz), 7.06—7.16 (2H, m), 4.38 (1H, d,
J=4.8 Hz), 3.30-3.48 (1H, m), 2.86-3.20 (3H, m), 2.03 (1H, brs), 1.51-1.83 (4H, m),
0.99-1.46 (6H, m); FAB MS m/z 234 [M+H]*.

1-Cyclohexyl-6-methyl-1,2,3,4-tetrahydroisoquinoline hydrochloride (24i)

Compound 24i was synthesized using a similar protocol to that for compound 24f.
Compound 24i was obtained in 55% yield as a colorless solid.'H NMR (DMSO-ds): &
9.79 (1H, brs), 8.66 (1H, brs), 7.18 (1H, d, J= 8.6 Hz), 6.84 (1H, dd, J= 2.6, 8.5 Hz),
6.79 (1H, d, J = 2.6 Hz), 4.30 (1H, d, J = 5.1 Hz), 3.74 (3H, s), 3.33-3.44 (1H, m),
2.97-3.18 (2H, m), 2.82-2.94 (1H, m), 1.99 (1H, brs), 1.56-1.81 (4H, m), 1.36-1.47
(1H, m), 1.03-1.31 (6H, m); CI MS m/z 230 [M+H]".

1-Cyclohexyl-6-methoxy-1,2,3,4-tetrahydroisoquinoline hydrochloride (24;j)

Compound 24j was synthesized using a similar protocol to that for compound 24g.
Compound 24j was obtained in 64% yield as a colorless solid.'H NMR (DMSO-ds): &
9.70 (1H, brs), 8.64 (1H, brs), 7.04-7.21 (2H, m), 7.03 (1H, brs), 4.33 (1H, brs),
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3.35-3.49 (1H, m), 2.94-3.17 (2H, m), 2.79-2.90 (1H, m), 2.27 (3H, s), 2.02 (1H, brs),
1.56-1.79 (4H, m), 1.02—-1.43 (6H, m); FAB MS m/z 246 [M+H]*.

1-Cyclohexyl-7-fluoro-1,2,3,4-tetrahydroisoquinoline hydrochloride (241)

Compound 241 was synthesized using a similar protocol to that for compound 24f.
Compound 241 was obtained in 75% yield as a colorless solid. 'H NMR (DMSO-d): &
9.95 (1H, brs), 8.81 (1H, brs), 7.28 (1H, dd, /= 6.0, 8.5 Hz), 7.20 (1H, dd, /= 2.6, 10.3
Hz), 7.12 (1H, dt, J = 2.6, 8.5 Hz), 4.41 (1H, d, J = 4.6 Hz), 3.37-3.47 (1H, m),
2.84-3.16 (3H, m), 2.04-2.15 (1H, m), 1.57-1.81 (4H, m), 1.03-1.38 (6H, m); FAB MS

m/7 234 [M+H]*+.

1-Cyclohexyl-7-methyl-1,2,3,4-tetrahydroisoquinoline hydrochloride (24m)
Compound 24m was synthesized with the similar procedure to that used for
compound 24f. Compound 24m was obtained in 81% yield as a colorless solid. 'H
NMR (DMSO-ds): 69.81 (1H, brs), 8.66 (1H, brs), 6.99-7.17 (3H, m), 4.32 (1H, brs),
3.35-3.44 (1H, m), 2.79-3.16 (3H, m), 2.28 (3H, s), 2.03 (1H, brs), 1.55-1.82 (4H, m),
1.02-1.44 (6H, m); FAB MS m/z 230 [M+H]".

1-Cyclohexyl-7-methoxy-1,2,3,4-tetrahydroisoquinoline hydrochloride (24n)
Compound 24n was synthesized using a similar protocol to that for compound 24f.
Compound 24n was obtained in 75% yield as a colorless solid. 'H NMR (DMSO-dk): &
9.81 (1H, brs), 8.58 (1H, brs), 7.14 (1H, d, /= 8.8 Hz), 6.80-6.90 (2H, m), 4.30-4.39
(1H, m), 3.74 (3H, s), 3.30-3.44 (1H, m), 2.78-3.15 (3H, m), 2.06 (1H, brs), 1.55-1.83
(4H, m), 1.01-1.41 (6H, m); FAB MS m/z 246 [M+H]*.
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Scheme 9. Preparation of tetrahydroisoquinoline 24k

b NH

24k

Reagents and conditions: (a) NaOH aq., 30% H202 aq., EtOH, 4 °C, 1.5 h; (b) NaBH4,
EtOH, rt, 1 h.

1-Cyclohexyl-1,2,3,4-tetrahydroisoquinoline-6-carboxamide hydrochloride (24k)

To a mixture of compound 49d (2.03 g) in ethanol (40 mL) was added hydrogen
peroxide (30% in water 9.66 g) and 1 M aqueous sodium hydroxide (11 mL) at 4 °C.
After the mixture was stirred for 1.5 hours, the reaction was quenched by the
addition of sodium sulfite. The mixture was partitioned between chloroform and
water, extracted with chloroform, dried over magnesium sulfate and then
concentrated in vacuo. The residue (2.0 g) was dissolved in methanol (30 mL).
Sodium borohydride (354 mg) was added to the mixture at 4 °C. The reaction mixture
was stirred at room temperature for 3 hours. The reaction was quenched by the
addition of water, extracted with chloroform, dried over magnesium sulfate and then
concentrated in vacuo. The residue was dissolved in ethyl acetate and added to a
solution of 4 M hydrogen chloride in ethyl acetate (1.95 mL) at 4 °C. The precipitate
was filtered off and washed with ethyl acetate to obtain the title compound 24k (1.78
g, 71%) as a colorless solid. 1H NMR (400 MHz DMSO-ds): §9.86 (1H, brs), 8.75 (1H,
brs), 7.99 (1H, brs), 7.67-7.78 (2H, m), 7.29-7.45 (2H, m), 4.45 (1H, brs), 3.44 (1H,
brs), 2.88-3.22 (3H, m), 2.09 (1H, brs), 1.53-1.84 (4H, m), 1.01-1.41 (6H, m); ESI MS
m/7 259 [M+H]*.

The synthesis of 49d was described in the preparation of chloroacetamide 25d.
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Scheme 10. Preparations of tetrahydroisoquinolines 240 and 24p

1

R

’

NH, a N borc,d NH
_— —_— 2
o]

2 2
460: R = Br, R>=5-F 500: R! = Br, R? = 5-F (98%) 51o: R! = Br, R? = 8-F (97%)
46p: R =Br, R2=5-MeO  50p: R! = Br, R? = 5-MeO (95%) 51p: R! = Br, R2 = 8-MeO (75%)

240: R! = H, R? = 8-F (quart.)
24p: R! = H, R? = 8-MeO (85%)

Reagents and conditions: (a) cyclohexanecarbonyl chloride, sat. NaHCOs aq., AcOEt,
rt, 3 h; (b) () FeCls, (COC))2, 1,2-dichloroethane, rt, 17 h; (ii) conc. H2SO4, MeOH,
reflux, 18 h; (c) P20s, POCls, toluene, 120 °C, 5 h; (d) NaBH4, EtOH, rt, 1 h; (e) Hs,
10% Pd/C, EtsN, EtOH, rt, 22 h.

N-[2-(2-Bromo-5-fluorophenyl)ethyllcyclohexanecarboxamide (500)

Compound 500 was synthesized using a similar protocol to that for compound 50f.
Compound 500 was obtained in 98% yield as a colorless solid. 1H NMR (DMSO-dk): &
7.77 (1H, t, J= 5.5 Hz), 7.61 (1H, dd, J= 5.5, 8.8 Hz), 7.14 (1H, dd, J= 5.5, 8.8 Hz),
7.05 (1H, dt, J = 3.3, 8.7 Hz), 3.30 (2H, q, J = 6.7 Hz), 2.82 (1H, t, J = 6.9 Hz),
1.98-2.08 (1H, m), 1.53-1.73 (5H, m), 1.05-1.36 (5H, m); FAB MS m/z 328 [M+]*.

N-[2-(2-Bromo-5-methoxyphenyl)ethyllcyclohexanecarboxamide (50p)

Compound 50p was synthesized using a similar protocol to that for compound 50f.
Compound 50p was obtained in 95% yield as a colorless solid. 1H NMR (DMSO-db): &
7.72-7.80 (1H, m), 7.45 (1H, d, J= 8.8 Hz), 6.86 (1H, d, J= 2.9 Hz), 6.76 (1H, dd, /=
3.0, 8.7 Hz), 3.73 (3H, s), 3.27 (2H, q, J= 6.8 Hz), 2.78 (2H, t, J= 7.1 Hz), 2.04 (1H, t,
J=11.3 Hz), 1.53-1.73 (5H, m), 1.05-1.36 (5H, m); FAB MS m/z 340 [M+]*.
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5-Bromo-1-cyclohexyl-8-fluoro-1,2,3,4-tetrahydroisoquinoline hydrochloride (510)
Compound 51o was synthesized with the similar procedure to that used for
compound 24f. Compound 510 was obtained in 97% yield as a colorless solid. tH NMR
(DMSO-ds): §9.55 (1H, brs), 7.69 (1H, dd, /= 5.1, 8.8 Hz), 7.18 (1H, t, /= 9.3 Ha),
4.48 (1H, d, J = 7.0 Hz), 3.26-3.48 (2H, m), 2.88-3.04 (2H, m), 1.81-1.95 (1H, m),
1.53-1.79 (4H, m), 1.00-1.45 (6H, m); FAB MS m/z 312 [M+H]".

5-Bromo-1-cyclohexyl-8-methoxy-1,2,3,4-tetrahydroisoquinoline hydrochloride (51p)
Compound 51p was synthesized using a similar protocol to that for compound 24g.
Compound 51p was obtained in 75% yield as a colorless solid. 'H NMR (DMSO-db): &
9.85 (1H, brs), 9.16 (1H, brs), 7.58 (1H, d, J= 8.8 Hz), 6.94 (1H, d, J= 8.8 Hz), 4.42
(1H, d, J=6.0 Hz), 3.82 (3H, s), 3.31-3.44 (1H, m), 3.17-3.27 (1H, m), 2.82-3.00 (2H,
m), 1.85 (1H, brs), 1.53-1.73 (4H, m), 1.22-1.36 (2H, m), 0.99-1.21 (4H, m); FAB MS
m/z 324 [M+]*,

1-Cyclohexyl-8-fluoro-1,2,3,4-tetrahydroisoquinoline hydrobromide (240)

To a mixture of compound 510 (517 mg) in ethanol (10 mL) was added 10% palladium
on charcoal (50 mg) under an argon atmosphere. The mixture was stirred at room
temperature under a hydrogen atmosphere for 22 hours. The mixture was filtered
through a celite pad and the filtrate was concentrated in vacuo to obtain title
compound 240 (500 mg, quant.) as a yellow solid. 'H NMR (DMSO-ds): §9.42 (1H,
brs), 8.64 (1H, brs), 7.33-7.40 (1H, m), 7.10-7.17 (2H, m), 4.52 (1H, d, J= 6.2 Hz),
3.40-3.51 (1H, m), 3.19-3.30 (1H, m), 3.04 (2H, t, /= 6.5 Hz), 1.84-1.95 (1H, m),
1.57-1.76 (4H, m), 1.02-1.30 (6H, m); FAB MS m/z 234 [M+H]*.

1-Cyclohexyl-8-methoxy-1,2,3,4-tetrahydroisoquinoline hydrochloride (24p)

Compound 24p was synthesized with a similar procedure to that used for compound
240. Compound 24p was obtained in 85% yield as a colorless solid. TH NMR
(DMSO-db): §9.72 (1H, brs), 8.74 (1H, brs), 7.26 (1H, t, /= 7.9 Hz), 6.92 (1H, d, J=
8.2 Hz), 6.83 (1H, d, J= 7.7 Hz), 4.42 (1H, brs), 3.80 (3H, s), 3.34-3.46 (1H, m), 3.09

105



(1H, brs), 2.93 (2H, d, J= 6.3 Hz), 1.91 (1H, brs), 1.52-1.73 (4H, m), 1.04—-1.42 (6H,
m); FAB MS m/z 246 [M+H]*.

Scheme 11. Preparations of tetrahydroisoquinolines 44b and 44c

@ﬁwﬁi T

52bR=F 53b R=F (41%) 44b R = F (94%)
52¢ R = Me 53¢ R = Me (41%) 44c¢ R = Me (38%)

Reagents and conditions: (a) AICls, benzene, 100 °C, 8 h; (b) N-bromosuccinimide,
2,2'-azobis(isobutyronitrile), CCls, reflux, 4 h; (c) NaCN, H20, EtOH, 80 °C, 4 h; (d)
Hq, PtO2, HCl, EtOH, rt, 3.5 h; () NaBH4, MeOH, rt, 21 h; (f) benzoyl chloride,
K2COs, H20, AcOEt, rt, 16 h.

(2-Benzoyl-3-fluorophenyl)acetonitrile (53b)

To a solution of aluminium chloride (15 g) in benzene (30 mL) was slowly added 52b
(5 g) at 4 °C under an argon atmosphere. The mixture was stirred at 100 °C for 8
hours. After cooling to room temperature, the mixture was added to the iced water
and filtered through a celite pad, and the filtrate was extracted with chloroform,
washed with 1 M aqueous sodium hydroxide, dried over magnesium sulfate and
concentrated in vacuo to give (2-fluoro-6-methylphenyl)(phenyl)methanone (5.10 g,
73%) as a brown oil. EI MS m/Z 213 [M-H]*. To a solution of
(2-fluoro-6-methylphenyl)(phenyl)methanone (6.08 g) in tetrachloromethane (60 mL)
was added N-bromosuccinimide (7.5 g) and 2,2'-azobis(isobutyronitrile) (0.3 g). The
mixture was heated under reflux for 4 hours. After cooling to room temperature, the
mixture was diluted with water, extracted with chloroform, washed with saturated
aqueous sodium bicarbonate and aqueous sodium thiosulfate solution, dried over
magnesium sulfate and concentrated in vacuo to obtain

[2-(bromomethyl)-6-fluorophenyllphenylmethanone (8.36 g, quant.) as a brown oil. To
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a solution of [2-(bromomethyl)-6-fluorophenyllphenylmethanone (8.24 g) in ethanol
(60 mL) and water (40 mL) was added sodium cyanide (2.13 g). The mixture was
stirred at 80 °C for 4 hours. The mixture was diluted with water, extracted with ethyl
acetate, washed with water, dried over magnesium sulfate and concentrated in vacuo.
The residue was purified by silica gel column chromatography, eluting with
chloroform—hexane to give the desired product 53b (2.76 g, 41%) as a brown oil. 'H
NMR (DMSO-de): §7.64-7.81 (4H, m), 7.59 (2H, t, J= 8.3 Hz), 7.49 (1H, t, J= 7.6 Hz),
7.42 (1H, d, J= 7.5 Hz), 7.34 (1H, d, J= 7.4 Hz), 3.72 (2H, ), 2.03 (3H, s); EI MS m/z
234 [M]~.

(2-Benzoyl-3-methylphenyl)acetonitrile (53c)

Compound 53¢ was synthesized using a similar protocol to that for compound 53b.
Compound 53¢ was obtained in 41% yield as a colorless solid.'H NMR (DMSO-dk): &
7.67-17.74 (3H, m), 7.58 (2H, t, J=7.6 Hz), 7.48 (1H, d, J=7.7 Hz), 7.40 (1H, t, J=8.9
Hz), 3.96 (2H, s); EI MS m/z 234 [M-HI]*.

8-Fluoro-1-phenyl-1,2,3,4-tetrahydroisoquinoline hydrochloride (44b)

To a mixture of compound 53b (2.72 g) in ethanol (40 mL) was added 4 M hydrogen
chloride in 1,4-dioxane (4 mL) and platinum(IV) oxide (413 mg) under an argon
atmosphere. The mixture was stirred at room temperature under a hydrogen
atmosphere for 3.5 hours. The mixture was filtered through a celite pad and the
filtrate was concentrated in vacuo. 1 M Aqueous hydrochloric acid was added to the
mixture, and washed with toluene. The aqueous phase was basified with ammonia,
extracted with toluene, washed with brine, dried over magnesium sulfate and then
concentrated in vacuo. 4 M hydrogen chloride in ethyl acetate (5 mL) was added to
the residue and concentrated in vacuo. 2-propanol (20 mL) was added to the residue
and the precipitate was filtered off to obtain
8-fluoro-1-phenyl-1,2,3,4-tetrahydroisoquinoline hydrochloride (1.04 g, 35%) as a
yellow  solid. EI MS m/z 224 [M-H]*. To a  solution  of

8-fluoro-1-phenyl-1,2,3,4-tetrahydroisoquinoline hydrochloride (1.03 g) in ethanol (10
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mL) and toluene (2 mL) was added sodium borohydride (0.2 g) at 4 °C. The reaction
mixture was stirred at room temperature for 13 hours and then concentrated in
vacuo. Water was added to the residue, extracted with toluene, washed with water
and brine, and dried over magnesium sulfate. 4 M Hydrogen chloride in ethyl acetate
(2 mL) was added to the mixture and then concentrated in vacuo to obtain title
compound 44b (975 mg, 94%) as a colorless solid. 1H NMR (DMSO-ds): §10.55 (1H,
brs), 9.51 (1H, brs), 7.39-7.46 (3H, m), 7.28-7.34 (2H, m), 7.23 (1H, t, J= 7.8 Hz),
7.16 (1H, t, J= 8.1 Hz), 7.08 (1H, t, /= 8.7 Hz), 5.94 (1H, brs), 3.07-3.36 (4H, m); CI
MS m/z 228 [M+H]*.

8-Methyl-1-phenyl-1,2,3,4-tetrahydroisoquinoline hydrochloride (44c)

Compound 44c was synthesized with the similar procedure to that used for
compound 44b. Compound 44c¢ was obtained in 38% yield as a colorless solid.'H NMR
(DMSO-db): §10.32 (1H, brs), 9.46 (1H, brs), 7.37-7.47 (3H, m), 7.21-7.30 (3H, m),
7.19 (1H, d, J= 7.4 Hz), 7.08 (1H, d, J = 7.3 Hz), 5.89 (1H, brs), 3.17-3.29 (2H, m),
2.93-3.13 (2H, m) ; ESI MS m/z 224 [M+H]*.

Scheme 12. Preparations of tetrahydroisoquinolines (5)-44d and (£)-44d

54 (19-55 (63%) (1.9-44d (quant.)
(1R)-55 (36%) (1R)-44d (quant.)

Reagents and conditions: (a) benzoyl chloride, K2COs, H20, AcOEt, rt, 16 h; (b) P20s,
POCls, toluene, 120 °C, 3 h; (¢ () BH3THF, -cis-1-amino-2-indanol
((1R,29-(+)-isomer for (1.9-55, (1S, 2R)-(-)-isomer for (1R)-55), Et20, rt, 16 h; (ii)
tartaric acid (D-(-)-isomer for (159)-55, L-(+)-isomer for (1£)-55), 2-propanol, 80 °C, 1
d; (d) He, 10% Pd/C, EtsN, EtOH, rt, 4 d.
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5-Bromo-8-methoxy-1-phenyl-3,4-dihydroisoquinoline (54)

Compound 54 was synthesized with the similar procedure to that used for compound
24p. Compound 54 was obtained in 55% yield as a brown oil. 1H NMR (DMSO-db): &
7.69 (1H, d, J= 9.1 Hz), 7.27-7.43 (5H, m), 7.04 (1H, d, J= 9.0 Hz), 3.61 2H, t, J=
7.0 Hz), 3.42 (3H, s), 2.66 (2H, t, J= 6.8 Hz); EI MS m/z 314 [M-HI*.

(1.9-5-Bromo-8-methoxy-1-phenyl-1,2,3,4-tetrahydroisoquinoline ((1.5)-55)

To a mixture of (1R,25)-(+)-cis-1-Amino-2-indanol (1.9 g) in ether (60 mL) was added
borane tetrahydrofuran complex (1.0 M in tetrahydrofuran solution 24 mL) at 4 °C
under an argon atmosphere.50 After the mixture was stirred at room temperature
under an argon atmosphere for 1 hour, compound 54 (3.1 g) was added to the mixture
at 4 °C. The mixture was stirred at room temperature for 16 hours. Trifluoroacetic
acid (15 mL) was added to the mixture and then heated under reflux for 2 hours.
After cooling to room temperature, the mixture was basified with ammonia,
extracted with chloroform, washed with brine, dried over magnesium sulfate and
then concentrated in vacuo. The residue was dissolved in 2-propanol (60 mL). A
solution of D-(-)-tartaric acid (0.71 g) in 2-propanol (60 mL) was added to the
mixture at 70 °C and the resulting mixture was stirred overnight at 80 °C. After
cooling to room temperature, the precipitate was filtered off to obtain compound
(1.9-55 (2.42 g, 63%) as a colorless solid. HPLC (Chiralpak OD-RH [0.46 cm I.D. x 15
cm], MeCN: borate buffer (pH 9.0) = 45/55 flow rate 0.8 ml/min., column temp.: 40 °C,
UV: 230 nm): retention time: tr = 28.98 min (major), ts = 22.92 min (minor); 97.7% ee.
'H NMR (DMSO-db): §7.56 (1H, d, J= 8.8 Hz), 7.20-7.33 (3H, m), 7.05-7.11 (2H, m),
6.85 (1H, d, /= 8.9 Hz), 5.34 (1H, s), 4.01 (1H, s), 3.55 (3H, ), 2.91-3.03 (1H, m), 2.71
(3H, brs); EI MS m/z 317 [MI*.

(1R)-5-Bromo-8-methoxy-1-phenyl-1,2,3,4-tetrahydroisoquinoline ((1£)-55)

Compound (1£)-55 was synthesized with a similar procedure to that used for
compound (1.9-55. Compound (1£)-55 was obtained in 36% yield as a colorless solid.
HPLC (Chiralpak OD-RH [0.46 cm I.D. x 15 cm], MeCN: borate buffer (pH 9.0) =
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45/55 flow rate 0.8 ml/min., column temp.: 40 °C, UV: 230 nm): retention time: tr =
22.72 min (major), ts = 28.98 min (minor); >99% ee. 1H NMR (DMSO-dk): §7.56 (1H,
d, J=8.7 Hz), 7.19-7.33 (3H, m), 7.05-7.10 (2H, m), 6.85 (1H, d, J= 8.8 Hz), 5.32 (1H,
s), 4.02 (1H, s), 3.56 (3H, s), 2.88-3.00 (1H, m), 2.70 (3H, brs); EI MS m/z 317 [M]*.

(1.9-8-methoxy-1-phenyl-1,2,3,4-tetrahydroisoquinoline hydrobromide ((.5)-44d)
Compound (9-44d was synthesized with a similar procedure to that used for
compound 240. Compound (8)-44d was obtained in quantitative yield as a colorless
solid. 'H NMR (DMSO-db): & 9.70 (1H, brs), 9.11 (1H, brs), 7.32-7.42 (4H, m),
7.19-7.25 (2H, m), 6.95 (1H, d, J= 7.7 Hz), 6.91 (1H, d, J= 8.2 Hz), 5.83 (1H, s), 3.55
(3H, s), 2.93-3.32 (4H, m); FAB MS m/z 240 [M+H]*.

(1R)-8-methoxy-1-phenyl-1,2,3,4-tetrahydroisoquinoline hydrochloride ((%)-44d)
Compound (R)-44d was synthesized with a similar procedure to that used for
compound 240. Compound (£)-44d was obtained in quantitative yield as a colorless
solid. 'H NMR (DMSO-db): & 10.38 (1H, brs), 9.34 (1H, brs), 7.31-7.41 (4H, m),
7.18-7.25 (2H, m), 6.94 (1H, d, J= 7.6 Hz), 6.89 (1H, d, J= 8.2 Hz), 5.75 (1H, s), 3.54
(3H, s), 2.92-3.26 (4H, m); CI MS m/z 240 [M+H]*.

VCD analysis of (1.9-5-Bromo-8-methoxy-1-phenyl-1,2,3,4-tetrahydroisoquinoline
(1.9-55
An absolute configuration of compound (15)-55 was assigned using vibrational

dichroism (VCD) spectra.44

Docking study of potent CYP2D6 inhibitor (1.5)-45a

For docking simulation, the crystal structure of human cytochrome CYP2D6 in
complex with
10-12-[(2R)-1-methylpiperidin-2-yllethyl}-2-(methylsulfanyl)- 10 A#-phenothiazine
(RTZ, represented by residue name in the Protein Data Bank record 3TBG) was

processed using the Protein Preparation Wizard of Maestro 9.7 (Schrodinger, Inc.,
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New York, 2014) with default parameters. As the crystal structure contains four
CYP2D6 molecules, we first removed discarded molecules for simulation and only
one set of receptor, ligands and waters belonging to chain A were kept. The
hydrogens were then added to them and energetically optimized using Prime. All
docking processes were performed using Glide on Maestro 9.7. Given that the
molecular size and pharmacophore positioning of RTZ are similar to that of (1.5)-45a,
grids defining the binding site were generated around one of two RTZ molecules
observed in the crystal structure (RTZ1 in 3TBG).45 All of the water molecules,
including three blocking the route to heme (HOH 614, 615 and 628 in 3STBG), were
kept as part of the receptor during grid generation. This was intended to prevent
(19-45a from positioning nearby heme. Docking calculation was performed with the
default parameter of Glide SP protocol, without any intentional restraint, and the
best glidescore mode was selected as the CYP2D6 binding model of (15)-45a. To
understand why (1.5-45a has potency to CYP2D6, putative interactions between
them were visualized using MOE 2013 (Chemical Computing Group Inc., Quebec,

2014) and Scorpion (Desert Scientific Software, Australia, 2014)
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Determination of solubility

The first fluid for disintegration test in Japanese Pharmacopoeia, pH 1.2 (JP1) and
the second fluid for disintegration test in Japanese Pharmacopoeia, pH 6.8 (JP2)
were used as the aqueous buffer. Small volumes of the compounds in DMSO were
diluted to 130 pyM by adding the aqueous buffer. After incubation at 25 °C for 20
hours, precipitates were separated by filtration, and solubility of each filtrate was

determined by HPLC analysis.

Evaluation of inhibitory activity against N-type calcium channel using an in vitro
FLIPR assay in IMR-32 human neuroblastoma cells.

Human neuroblastoma IMR-32 cells were cultured and differentiated as previously
described with some modifications.5! IMR-32 cells were plated onto
poly-L-lysine-coated 96-well assay plates at a density of 6 X 104 cells/well and
incubated overnight (37 °C, 5% COgz). Hank’s balanced salt solution without phenol
red and containing 20 mM HEPES and 0.5 mM probenecid was prepared on the day
of assay and used as assay buffer. Cells were incubated with 100 pL of fluo-3 AM
(Dojindo, Kumamoto, Japan) in assay buffer at 37 °C for 1 hour. Plates were washed
with wash buffer to remove loading buffer, and 100 pL/well of the wash buffer was
added. Plates were then placed into a FLIPR system (Molecular Devices, Sunnyvale,
CA). Intracellular calcium concentration was measured for 12 minutes. During
fluorescence intensity monitoring, 50 pL/well of the compound, diluted with assay
buffer containing 1 pM nitrendipine, was added during the first 30 seconds, and 50
pnL/well KC1 solution (final concentration: 50 mM) at 10 minutes and 10 seconds after
the start of monitoring. The ICs0 values were determined by in duplicate in one
experiment. And the ICso values and 95% confidence intervals were calculated using

Sigmoid-Emax nonlinear regression analysis with SAS software (Cary, NC, USA).
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The inhibitory effects of (5-22c on N-type calcium channels using the
electrophysiological method

For electrical recording, differentiated IMR-32 cells were plated on poly-D-lysine
coated glass coverslips at a density of approximately 1.5 x 104 cells/cm?2 and
incubated for at least 3 hours prior to electrophysiological recording.52 Whole-cell
patch clamp recordings were obtained from differentiated IMR-32 cells using an
Axopatch 1D amplifier (Axon Instruments, Foster City, CA, USA). Recording pipettes
were constructed from borosilicate glasses (Harvard Apparatus Ltd, Fircroft Way
Edenbridge, UK) with a micropipettes puller (MF-83, Narishige, Tokyo, Japan) and
fire-polished in a microforge (PP-83, Narishige, Tokyo, Japan) to obtain electrode
resistances ranging from 4 to 6 MQ. Pipette solution contained 125 mM CsCl, 2 mM
MgClz, 10 mM HEPES, 10 mM EGTA, 4 mM MgATP, and 4 mM phosphocreatine
disodium, pH 7.3 with CsOH. Internal cesium chloride was used to suppress
potassium currents. Cells were perfused continuously with standard bath solution at
room temperature (20-25 °C) containing 120 mM NaCl, 20 mM tetraethyl
ammonium chloride, 3 mM KCl, 5 mM CaClz, 2 mM MgCls, 10 mM HEPES, and 10
mM glucose, pH 7.3 with NaOH. To isolate barium currents for whole-cell recording,
the standard bath solution was replaced with a BaZ*-containing solution which
contained 120 mM NaCl, 20 mM tetraethyl ammonium chloride, 3 mM KCI, 10 mM
BaClz, 2 mM MgClz, 10 mM HEPES, 10 mM glucose, 2 uM tetrodotoxin, and 1 uM
nitrendipine, pH 7.3 with NaOH. Tetrodotoxin was used to block sodium currents
and nitrendipine to block L-type calcium currents, respectively. Membrane currents
were elicited by 100 ms voltage steps from the holding potential (Vu) of —70 or —90
mV to +10 mV. Test pulses were delivered at 30-sec intervals to allow recovery from
inactivation. N-type calcium currents were isolated by subtracting ziconotide (1
pM)-insensitive currents.

A multiple-barrel perfusion system was employed to achieve a rapid exchange of bath
solutions. The barrels of the perfusion system were directly connected to syringes
containing the control and test solutions. The flow rate of extracellular solutions was

set at 0.5—1 mL/min. Data were filtered at 2 kHz with a 4-pole Bessel filter, digitized
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at 50 kHz, and stored on compact disk for off-line analysis using a Digidata 1322A

analog/digital interface along with the pClamp 8.0 software (Axon Instruments).

Inhibitory activity against L-type calcium channels was evaluated using an in vitro
FLIPR assay in IMR-32 human neuroblastoma cells.

The inhibitory activity of (1.9-45d against L-type calcium channels was evaluated as
described for the evaluation of inhibitory activity against N-type calcium channels

using w-conotoxin MVIIA instead of nitrendipine.

Evaluation of hERG inhibition using Rb Efflux assay

CHO cells that stably expressed hERG channels cultured in D-MEM containing 10%
FBS, 1% PS, 1% Ganeticin. Cell suspension was diluted to 6 x 105 cells/ml. Cells were
seeded into 96-well plates and cultured in CO:z incubator for 24 hours. Culture
medium was removed and cells were washed with wash buffer (130 mM NaCl, 3 mM
KCl, 0.6 mM MgCls, 0.3 mM CaClz, 10 mM HEPES, 10 mM D-glucose: pH 7.3).
Thereafter 100 uL of Rb loading buffer (130 mM NaCl, 3 mM RbCl, 0.6 mM MgClz,
0.3 mM CaClz, 10 mM HEPES, 10 mM D-glucose: pH 7.3) was added. Cells were
incubated in COz2 incubator for 1.5 hours. Excess Rb-containing media was aspirated
off and washed with wash buffer. Test compounds were carried in high K buffer (83
mM NaCl, 50 mM KCIl, 0.6 mM MgClz, 0.3 mM CaClz, 10 mM HEPES, 10 mM
D-glucose: pH 7.3), and then 100 nL of the high K buffer was added to the plate. Cells
were incubated at room temperature for 10 minutes. Supernatants were collected
and transferred into another well (A). Cells were washed with the wash buffer and
treated with 200 uL of lysis buffer (1% Triton X-100 in wash buffer) to give cell lysate
(B). Rb content in the supernatans (A) and the cell lysate (B) were determined using

an atomic absorption spectroscopy reader (ICR 8000, Aurora Biosciences, Canada).
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Measurement of CYP inhibition

The inhibitory activities of test compounds against CYP1A2, 2C9, 2C19 and 2D6
were determined using fluorescence-based assay. Reaction mixtures containing
recombinant human CYP protein, co-factors, fluorogenic substrate, test compound
(0.8-50 uM) and potassium phosphate buffer (pH 7.4) were prepared. Fluorogenic
substrates and assay conditions for different CYP isoforms are summarized in Table
5. Reactions were initiated by incubation at 37 °C. Incubation times for each isoform
was as follows: 15 minutes (CYP1A2), 45 minutes (2C9), 30 minutes (2C19) and 30
minutes (2D6). After incubation, the reactions were terminated by addition of stop
solution (20% 0.5 M Tris-base, 80% acetonitrile). Fluorescence was measured to

quantify the metabolite formation, and ICso determined.

Table 18. Summary of assay conditions for different CYP450 enzymes

CYP Protein conc. (pmol/mL) Substrate  Substrate conc.

isoform (uM)
1A2 0.06 CEC 5
2C9 1.16 MFC 75
2C19 0.60 CEC 25
2D6 1.88 AMMC 1.5

For CYP3A4 inhibition assay, midazolam was used as a probe substrate to monitor
the changes in CYP3A4 activity during the exposure to each test compound. 0.1 mg
protein/mL reaction mixtures containing human liver microsomes, 1 mM NADPH,
0.1 mM EDTA, 100 mM Na*-K+* phosphate buffer (pH 7.4) and 5 pM test compound
were prepared and pre-incubated for O or 30 minutes at 37 °C. Reactions were
initiated by the addition of 2 pM of midazolam and incubated for additional 20
minutes before being terminated by addition of 80% acetonitrile with internal
standard. Levels of the metabolite of midazolam, 1-hydroxymidazolam, were
measured using LC-MS/MS. Residual metabolic activities for reversible (eq. 1) and

time-dependent (eq. 2) inhibition were calculated using the following equations:
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% Residual Activity = Activity compound, 0 min /ACtiVity vehicle, 0 min X 100  (eq. 1)

% Residual Activity = (Activity compound, 30 min /Activity vehicle, 30 min) / (Activity compound, 0
min /Activity vehicle, 0 min) X 100 (eq. 2)
where Activity compound, 0 min denotes activity obtained in the presence of compound
and without pre-incubation, Activity vehicle, 0 min denotes activity obtained in the
absence of compound and without pre-incubation, Activity compound, 30 min denotes that
obtained in the presence of compound and with pre-incubation, and Activity vehicle, 30

min denotes that obtained in the absence of compound and with pre-incubation.

5.2.5 In vitro metabolic stability in human liver microsomes

Reaction mixtures containing 100 mM Na+K+* phosphate buffer (pH 7.4), 0.2 mg
protein/mL human liver microsomes, 1 mM NADPH and 0.1 mM EDTA were
pre-incubated for 5 minutes at 37 °C. The reactions were initiated by the addition of
test compound solution. The final concentration of test compound was 0.2 uM. After 0,
15, 30 and 45 minutes incubations at 37 °C, reactions were terminated by the
addition of acetonitrile with internal standard. The reaction mixtures were
centrifuged and supernatants injected into the LC-MS/MS system to determine the

residual ratio of the test compound.

5.2.6 Calculation of in vitro intrinsic clearance

In vitro intrinsic clearance (CLint, in vitro) was calculated using equation 1, which is
based on the time course of the residual ratio of the test compounds, as determined
using least-squares linear regression as follows:53

CLint, in vitro (uWL/min/mg protein) = k/microsomal protein concentration (1

where k. denotes the disappearance rate constant.

116



Animal experiments

Male Sprague-Dawley rats (SLC, Hamamatsu, Japan) were used for all in vivo
experiments. Animals were group-housed and kept on a 12-hour light/dark cycle
(lights on from 7:30 AM to 7:30 PM) with free access to food and water. All animal
experimental procedures were approved by the Committee for Animal Experiments
of Astellas Pharma Inc. and conformed to the International Guiding Principles for
Biomedical Research Involving Animals (CIOMS) and Guidelines for Proper Conduct
of Animal Experiments (Science Council of Japan, 2006). All efforts were made to
minimize the number of animals used and their suffering.

The efficacy of the test compound in neuropathic pain was evaluated in rat SNL
model reported by Chung et al5¢ Effects of the test compound on motor coordination
was assessed by rotarod test. The solution of the test compound in 10% dimethyl
sulfoxide and 10% Cremophol was used in both test. Details of the experimental
procedures have been previously described.55

We examined the antinociceptive effect of the test compound in mice formalin test
previously published by Hunskaar et al.6 with slight modifications. Briefly, 2%
formalin (20 uL) was subcutaneously injected 15 minutes after intrathecal bolus/oral
administration of the test compound. The summation of time spent in lifting/licking
of the paw that received injections was measured. The duration of responses in the
first 10 minutes and that from 15 to 25 minutes represent first and second phases,

respectively.
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